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STRUCTURAL BALANCE: A GENERALIZATION 
OF HEIDER’S THEORY ! 


DORWIN CARTWRIGHT AND FRANK HARARY 
Research Center for Group Dynamics, University of Michigan 


A persistent problem of psychology 
has been how to deal conceptually 
with patterns of interdependent prop- 
erties. This problem has been cen- 
tral, of course, in the theoretical 
treatment by Gestalt psychologists of 
phenomenal or neural configurations 
or fields (12, 13, 15). It has also 
been of concern to social psychologists 
and sociologists who attempt to em- 
ploy concepts referring to social sys- 
tems (18). 

Heider (19), reflecting the general 
field-theoretical approach, has con- 
sidered certain aspects of cognitive 
fields which contain perceived people 
and impersonal objects or events. 
His analysis focuses upon what he calls 
the P-O-X unit of a cognitive field, 
consisting of P (one person), O (an- 
other person), and X (an impersonal 
entity). Each relation among the 
parts of the unit is conceived as inter- 
dependent with each other relation. 
Thus, for example, if P has a relation 
of affection for O and if O is seen as 
responsible for X, then there will be 
a tendency for P to like or approve 
of X. If the nature of X is such that 
it would ‘‘normally”’ be evaluated as 
bad, the whole P-O-X unit is placed 
in a state of imbalance, and pressures 


1This paper was prepared as part of a 
project sponsored in the Research Center 
for Group Dynamics by the Rockefeller 
Foundation. 


will arise to change it toward a state 
of balance. These pressures may 
work to change the relation of affec- 
tion between P and QO, the relation of 
responsibility between O and X, or the 
relation of evaluation between P 
and X. 

The purpose of this paper is to 
present and develop the consequences 
of a formal definition of balance which 
is consistent with Heider’s conception 
and which may be employed in a more 
general treatment of empirical con- 
figurations. The definition is stated 
in terms of the mathematical theory 
of linear graphs (8, 14) and makes use 
of a distinction between a given rela- 
tion and its opposite relation. Some 
of the ramifications of this definition 
are then examined by means of 
theorems derivable from the definition 
and from graph theory. 


HEIDER’S CONCEPTION OF 
BALANCE 


In developing his analysis of bal- 
anced cognitive units, Heider dis- 
tinguishes between two major types of 
relations. The first concerns atti- 
tudes, or the relation of liking or 
evaluating. It is represented sym- 
bolically as L when positive and as ~L 
when negative. Thus, PLO means P 
likes, loves, values, or approves O, and 
P~LO means P dislikes, negatively 
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values, or disapproves O. The second 
type of relation refers to cognitive 
unit formation, that is, to such specific 
relations as similarity, possession, 
causality, proximity, or belonging. 
It is written as U or ~U. Thus, 
according to Heider, PUX means that 
P owns, made, is close to, or is associ- 
ated with X, and P~UX means that 
P does not own, did not make, or is 
not associated with X. 

A balanced state is then defined in 
terms of certain combinations of these 
relations. The definition is stated 
separately for two and for three 
entities. 

In the case of two entities, a balanced state 
exists if the relation between them is positive 
(or negative) in all respects, i.e., in regard to 
all meanings of Land U.... In the case 
of three entities, a balanced state exists if all 


three relations are positive in all respects, or 
if two are negative and one positive (9, p. 110). 


These are examples of balanced 
states: P likes something he made 
(PUX, PLX); P likes what his friend 
likes (PLO, OLX, PLX); P dislikes 
what his friend dislikes (PLO, O~LX, 
P~LX); P likes what his enemy dis- 
likes (P~LO, O~LX, PLX); and P's 
son likes what P likes (PUO, PLX, 
OLX). 

Heider’s basic hypothesis asserts 
that there is a tendency for cognitive 
units to achieve a balanced state. 
Pressures toward balance may pro- 
duce various effects. 


If no balanced state exists, then forces 
towards this state will arise. Either the dy- 
namic characters will change, or the unit 
relations will be changed through action or 
through cognitive reorganization. Ifachange 
is not possible, the state of imbalance will 
produce tension (9, pp. 107-109). 


The theory, stated here in sketchy 
outline, has been elaborated by Heider 
so as to treat a fuller richness of cog- 
nitive experience than would be sug- 
gested by our brief description. It 
has been used, too, by a number of 
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others as a point of departure for 
further theoretical and empirical work. 
We shall summarize briefly some of 
the major results of this work. 

Horowitz, Lyons, and Perlmutter 
(10) attempted to demonstrate ten- 
dencies toward balance in an experi- 
ment employing members of a discus- 
sion group as subjects. At the end of 
a discussion period each subject was 
asked to indicate his evaluation of an 
event (PLX or P~LX) which had 
occurred during the course of the dis- 
cussion. Theeventselected for evalu- 
ation was one which would be clearly 
seen as having been produced by a 
single person (OUX). The liking re- 
lation between each P and O (PLO 
or P~LO) had been determined by 
a sociometric questionnaire admin- 
istered before the meeting. Would 
P’s evaluation of the event be such as 
to produce a balanced P-O-X unit? 
If so, P’s evaluation of O and X should 
be of the same sign. The experi- 
mental data tend to support the 
hypothesis that a P-O-X unit tends 
toward a balanced state.” 

The social situation of a discussion 
group can be better analyzed, accord- 
ing to Horowitz, Lyons, and Perl- 
mutter, by considering a somewhat 
more complex cognitive unit. The 
evaluation of X made by P, they 
argue, will be determined not only by 
P’s evaluation of O but also by his 
perception of the evaluation of X 
given by others (Qs) in the group. 
The basic unit of such a social situa- 
tion, then, consists of the subject, a 


2 One of the attractive features of this study 
is that it was conducted in a natural “field” 
setting, thus avoiding the dangers of artifici- 
ality. At the same time the setting placed 
certain restrictions on the -possibility of 
manipulation and control of the variables. 
The data show a clear tendency for P to place 
a higher evaluation on Xs produced by more 
attractive Os. It is not clearly demonstrated 
that P likes Xs produced by liked Os and 
dislikes Xs produced by disliked Os. 
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person who is responsible for the 
event, and another person who will be 
seen by the subject as supporting or 
rejecting the event. This is called 
a P-O-Q-X unit. The additional data 
needed to describe these relations were 
obtained from the sociometric ques- 
tionnaire which indicated P’s evalua- 
tion of Q (PLQ or P~LQ), and from 
a question designed to reveal P’s per- 
ception of Q’s support or rejection of 
X, treated by the authors as a unit 
relation (QUX or Q~UX).! 
Although these authors indicate the 
possibility of treating the P-O-Q-X 
unit in terms of balance, they do not 
develop a formal definition of a bal- 
anced configuration consisting of four 
elements. They seem to imply that 
the P-O-Q-X unit will be balanced if 
the P-O-X and the P-Q-X units are 
both balanced. They do not consider 
the relation between Q and O, nor the 


logically possible components of which 


it could be a part. Their analysis is 
concerned primarily with the two 
triangles (P-O-X and P-Q-X), which 
are interdependent, since both contain 
the relation of P’s liking of X. We 
noted above that the data tend to 
support the hypothesis that the P- 
O-X unit will tend toward balance. 
The data even more strongly support 
the hypothesis when applied to the 
P-Q-X unit; P’s evaluation of X and 
his perception of Q’s attitude toward 
X tend to agree when P likes Q, and 
to disagree when P dislikes Q. It 
should be noted, however, that there 
was also a clear tendency for P to see 
Q’s evaluation of X as agreeing with 
his own whether or not he likes Q. 

In a rather different approach to 
the question of balanced P-O-X units, 


3 Whether this relation should be treated as 
U or L is subject to debate. For testing 
Heider’s theory of balance, however, the 
issue is irrelevant, since he holds that the two 
relations are interchangeable in defining 
balance. 
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Jordan (11) presented subjects with 
64 different hypothetical situations in 
which the L and U relations between 
each pair of elements was systemati- 
cally varied. The subject was asked 
to place himself in each situation by 
taking the part of P, and to indicate 
on a scale the degree of pleasantness 
or unpleasantness he experienced. 
Unpleasantness was assumed to reflect 
the postulated tension produced by 
imbalanced units. Jordan’s data tend 
to support Heider’s hypothesis that 
imbalanced units produce a state of 
tension, but he too found that addi- 
tional factors need to be considered. 
He discovered, for example, that nega- 
tive relations were experienced as un- 
pleasant even when contained in 
balanced units. This unpleasantness 
was particularly acute when P was a 
part of the negativerelation. Jordan’s 
study permits a detailed analysis of 
these additional influences, which we 
shall not consider here. 

Newcomb (17), in his recent theory 
of interpersonal communication, has 
employed concepts rather similar to 
those of Heider. He conceives of the 
simplest communicative act as one in 
which one person A gives information 
to another person B about something 
X. The similarity of this A-B-X 
model to Heider’s P-O-X unit, to- 
gether with its applicability to objec- 
tive interpersonal relations (rather 
than only to the cognitive structure of 
a single person), may be seen in the 
following quotations from Newcomb: 


A-B-X is . . . regarded as constituting a 
system. That is, certain definable relation- 
ships between A and B, between A and X, 
and between B and X are all viewed as inter- 
dependent. . . . For some purposes the sys- 
tem may be regarded as a phenomenal one 
within the life space of A or B, for other 
purposes as an “objective” system including 
all the possible relationships as inferred from 
observations of A’s and B’s behavior (17, 
p. 393). 
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Newcomb then develops the con- 
cept of “strain toward symmetry,” 
which appears to be a special instance 
of Heider’s more general notion of 
“‘tendency toward balance.” “Strain 
toward symmetry” is reflected in 
several manifestations of a tendency 
for A and B to have attitudes of the 
same sign toward a common X. 
Communication is the most common 
and usually the most effective mani- 
festation of this tendency. 

By use of this conception Newcomb 
reinterprets several studies (1, 4, 5, 
16, 20) which have investigated the 
interrelations among interpersonal at- 
traction, tendencies to communicate, 
pressures to uniformity of opinion 
among members of a group, and 
tendencies to reject deviates. The 
essential hypothesis in this analysis is 
stated thus: 


If A is free either to continue or not to 
continue his association with B, one or the 
other of two eventual outcomes is likely: 
(a) he achieves an equilibrium characterized 
by relatively great attraction toward B and 
by relatively high perceived symmetry, and 
the association is continued ; or (6) he achieves 
an equilibrium characterized by relatively 
little attraction toward B and by relatively 
low perceived symmetry, and the association 
is discontinued (17, p. 402). 


Newcomb’s outcome a is clearly a 
balanced state as defined by Heider. 
Outcome b cannot be unambiguously 


translated into Heider’s terms. If by 
“relatively little attraction toward B”’ 
is meant a negative L relation between 
A and B, then this outcome would also 
seem to be balanced. Newcomb’s 
“continuation or discontinuation of 
the association between A and B” 
appear to correspond to Heider’s U 
and ~U relations. 


STATEMENT OF THE PROBLEM 


This work indicates that the ten- 
dency toward balance is a significant 
determinant of cognitive organization, 
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and that it may also be important in 
interpersonal relations. The concept 
of balance, however, has been defined 
so as to apply toa rather limited range 
of situations, and it has contained cer- 
tain ambiguities. We note five spe- 
cific problems. 

1. Unsymmetric relations. Should 
all relations be conceived as sym- 
metric? The answer is clearly that 
they should not; it is possible for P 
to like O while O dislikes P. In fact, 
Tagiuri, Blake, and Bruner (21) have 
intensively studied dyadic relations 
to discover conditions producing sym- 
metric relations of actual and per- 
ceived liking. Theoretical discussions 
of balance have sometimes recognized 
this possibility—Heider, for example, 
states that unsymmetric liking is un- 
balanced—but there has been no 
general definition of balance which 
covers unsymmetric relations. The 
empirical studies of balance have as- 
sumed that the relations are sym- 
metric. 

2. Units containing more than three 
entities. Nearly all theorizing about 
balance has referred to units of three 
entities. While Horowitz, Lyons, and 
Perlmutter studied units with four 
entities, they did not define balance 
for such cases. It would seem desir- 
able to be able to speak of the balance 
of even larger units. 

3. Negative relations. Is the nega- 
tive relation the complement of the 
relation or its opposite? All of the 
discussions of balance seem to equate 
these, but they seem to us to be quite 
different, for the complement of a rela- 
tion is expressed by adding the word 
“not” while the opposite is indicated 
by the prefix ‘‘dis’’ or its equivalent. 
Thus, the complement of “‘liking’’ is 
“not liking”’; the opposite of “‘liking”’ 
is ‘‘disliking.’’ In general, it appears 
that ~L has been taken to mean 
“dislike” (the opposite relation) while 
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~U has been used to indicate “not 
associated with” (the complementary 
relation). Thus, for example, Jordan 
says: ‘Specifically, ‘+L’ symbolizes 
a positive attitude, ‘—L’ symbolizes 
a negative attitude, ‘+U’ symbol- 
izes the existence of unit formation, 
and ‘—U’ symbolizes the lack of unit 
formation”’ (11, p. 274). 

4. Relations of different types. Hei- 
der has made a distinction between 
two types of relations—one based 
upon liking and one upon unit forma- 
tion. The various papers following 
up Heider’s work have continued to 
use this distinction. And it seems 
reasonable to assume that still other 
types of relations might be designated. 
How can a definition of balance take 
into account relations of different 
types? Heider has suggested some of 
the ways in which liking and unit 
relations may be combined, but a 
general formulation has yet to be 
developed. 


5. Cognitive fields and social systems. 
Heider’s intention is to describe bal- 
ance of cognitive units in which the 
entities and relations enter as experi- 


enced by a single individual. New- 
comb attempts to treat social systems 
which may be described objectively. 
In principle, it should be possible also 
to study the balance of sociometric 
structures, communication networks, 
patterns of power, and other aspects 
of social systems. 

We shall attempt to define balance 
so as to overcome these limitations. 
Specifically, the definition should (a) 
encompass unsymmetric relations, (b) 
hold for units consisting of any finite 
number of entities, (c) preserve the 
distinction between the complement 
and the opposite of a relation, (d) 
apply to relations of different types, 
and (e) serve to characterize cognitive 
units, social systems, or any configura- 
tion where both a relation and its 
opposite must be specified. 
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THE CONCEPTS OF GRAPH, DIGRAPH, 
AND SIGNED GRAPH 


Our approach to this problem has 
two primary antecedents: (a) Lewin’s 
treatment (15) of the concepts of 
whole, differentiation, and unity, to- 
gether with Bavelas’ extension (2) of 
this work to group structure; and (5) 
the mathematical theory of linear 
graphs. 

Many of the graph-theoretic defini- 
tions given in this section are con- 
tained in the classical reference on 
graph theory, Kénig (14), as well as 
in Harary and Norman (8). We 
shall discuss, however, those concepts 
which lead up to the theory of balance. 

A linear graph, or briefly a graph, 
consists of a finite collection of points 4 
A,B,C, --+ together with a prescribed 
subset of the set of all unordered pairs 
of distinct points. Each of these un- 
ordered pairs, AB, is a line of the 
graph. (From the viewpoint of the 
theory of binary relations,’ a graph 
corresponds to an irreflexive * sym- 
metric relation on points A, B, C, ---. 
Alternatively a graph may be repre- 
sented as a matrix.’) 

Figure 1 depicts a graph of four 
points and four lines. The points 
might represent people, and the lines 
some relationship such as mutual lik- 
ing. With this interpretation, Fig. 1 
indicates that mutual liking exists be- 
tween those pairs of people A, B, C, 
and D joined by lines. Thus D is in 
the relation with all other persons, 
while C is in the relation only with D. 


‘Points are often called “vertices” by 
mathematicians and “nodes” by electrical 
engineers. 

5 This is the approach used by Heider. 

*A relation is irreflexive if it contains no 
ordered pairs of the form (a, a), i.e., if no 
element is in this relation to itself. 

7This treatment is discussed in Festinger 
(3). The logical equivalence of relations, 
graphs, and matrices is taken up in Harary 
and Norman (8). 
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Fic. 1. A linear graph of four points and 
four lines. The presence of line AB indicates 
the existence of a specified symmetric relation- 
ship between the two entities A and B. 





Figure 1 could be used, of course, to 
represent many other kinds of rela- 
tionships between many other kinds 
of entities. 

It is apparent from this definition of 
graph that relations are treated in an 
all-or-none manner, i.e., either a rela- 
tion exists between a given pair of 
points or it does not. Obviously, 
however, many relationships of in- 
terest to psychologists (liking, for 
example) exist in varying degrees. 
This fact means that our present use 
of graph theory can treat only the 
structural, and not the numerical, 
aspects of relations. While our treat- 
ment is thereby an incomplete repre- 
sentation of the strength of relations, 
we believe that conceptualization of 
the structural properties of relations 
is a necessary first step toward a more 
adequate treatment of the more com- 
plex situations. Such an elaboration, 
however, goes beyond the scope of 
this paper. 

A directed graph, or a digraph, con- 
sists of a finite collection of points 
together with a prescribed subset of 
the set of all ordered pairs of distinct 
points. Each of these ordered pairs 
AB is called a line of the digraph. 
Note that the only difference between 
the definitions of graph and digraph 
is that the lines of a graph are un- 
ordered pairs of points while the lines 
of a digraph are ordered pairs of 
points. An ordered pair of points is 


distinguished from an unordered pair 
by designating one of the points as the 
first point and the other as the second. 
Thus, for example, the fact that a 
message can go from A to B is repre- 
sented by the ordered pair (A, B), or 
equivalently, by the line AB, as in 
Fig. 2. Similarly, the fact that A and 
D choose each other is represented by 
the two directed lines AD and DA. 

A signed graph, or briefly an s-graph, 
is obtained from a graph when one 
regards some of the lines as positive 
and the remaining lines as negative. 
Considered as a geometric representa- 
tion of binary relations, an s-graph 
serves to depict situations or struc- 
tures in which both a relation and its 
opposite may occur, e.g., like and 
dislike. Figure 3 depicts an s-graph, 
employing the convention that solid 
lines are positive and dashed lines 
negative; thus A and B are repre- 
sented as liking each other while A 
and C dislike each other. 

Combining the concepts of digraph 
and s-graph, we obtain that of an 
s-digraph. A signed digraph, or an 
s-digraph, is obtained from a digraph 
by taking some of its lines as positive 
and the rest as negative. 

A graph of type 2 (8), introduced to 
depict structures in which two differ- 


A B 


—_) 





—" 


D Cc 











Fic. 2. A directed graph of four points 
and five directed lines. An AB line indicates 
the existence of a specified urdered relation- 
ship involving the two entities A and B. 
Thus, for example, if A and B are two people, 
the AB line might indicate that a message 
can go from A to B or that A chooses B. 
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ent relations defined on the same set 
of elements occur, is obtained from a 
graph by regarding its lines as being 
of two different colors (say), and by 
permitting the same pair of points to 
be joined by two lines if these lines 
have different colors. <A graph of type 
tr, r= 1, 2, 3, ---, is defined simi- 
larly. In an s-graph or s-digraph of 
type 2, there may occur lines of two 
different types in which a line of either 
color may be positive or negative. 
An example of an s-graph of type 2 
might be one depicting for the same 
P-O-X unit both U and L relations 
among the entities, where the sign of 
these relations is indicated. 

A path is a collection of lines of a 
graph of the form AB, BC, ---, DE, 
where the points A, B,C, ---,D,E, 
are distinct. A cycle consists of the 
above path together with the line EA. 
The length of a cycle (or path) is the 
number of lines in it; an n-cycle is a 
cycle of length nm. Analogously to 


graphs, a path of a digraph a of 
directed lines of the form AB, BC, - 


DE, where the points are distinct. A 
cycle consists of this path together 
with the line EA. In the later discus- 
sion of balance of an s-digraph we 
shall use the concept of a semicycle. 
A semicycle is a collection of lines 
obtained by _taking exactly one from 
each pair ¢ AB or BA, BC or CB, 


DE or ED, and EA or AE. We 
illustrate semicycles with the digraph 
of Fig. 2. There are three semicy cles 


_— 


in this digraph: AD, DA; AD, DB, 
BA; and AD, DB, BA. The last two 
of these semicycles are not cycles. 
Note that every cycle is a semicycle, 
and a semicycle of length 2 is neces- 
sarily a cycle. 


BALANCE 


With these concepts of graphs, di- 
graphs, and signed graphs we may 


A 


Fic. 3. A signed graph of four points and 


five lines. Solid lines have a positive sign 
and dashed lines a negative sign. If the 
points stand for people and the lines indicate 
the existence of a liking relationship, this 
s-graph shows that A and B have a relation- 
ship of liking, A and C have one of disliking, 
and Band D havea relationship of indifference 
(neither liking or disliking). 


now develop a rigorous generalization 
of Heider’s concept of balance. 

It should be evident that Heider’s 
terms, entity, relation, and sign of a 
relation may be coordinated to the 
graphic terms, point, directed line, and 
sign of a directed line. Thus, for ex- 
ample, the assertion that P likes 
O (PLO) may be depicted as a directed 
line of positive sign PO. It should 
also be clear that Heider’s two differ- 
ent kinds of relations (L and U) may 
be treated as lines of different type. 
It follows that a graphic representa- 
tion of a P-O-X unit having positive 
or negative L and U relations will be 
an s-digraph of type 2 

For simplicity of discussion we first 
consider the situation containing only 
symmetric relations of a single type 
(i.e., an s-graph of type 1). Figure 4 
shows four such s-graphs. It will be 
noted that each of these s-graphs con- 
tains one cycle: AB, BC, CA. We 
now need to define the sign of a cycle. 
The sign of a cycle is the product of 
the signs of its lines. For conveni- 
ence we denote the sign of a line by 
+1 or —1 when it is positive or nega- 
tive. With this definition we see that 
the cycle, AB, BC, CA is positive in 
s-graph a (+1-+1-+1), positive in 
s-graph 6 (+1-—1--—1), negative 





DorRWIN CARTWRIGHT AND FRANK HARARY 








c 
Fic. 4. Four s-graphs of three points and 
three lines each. Structure a and }b are 
balanced, but ¢ and d are not balanced. 


in s-graph c (+1-+1-—1), and nega- 


tive in s-graph d (—1-—1-—1). To 
generalize, a cycle is positive if it con- 
tains an even number of negative 
lines, and it is megative otherwise. 
Thus, in particular, a cycle containing 
only positive lines is positive, since 
the number of negative lines is zero, 
an even number. 

In discussing the concept of balance, 
Heider states (see 9, p. 110) that when 
there are three entities a balanced 
state exists if all three relations are 
positive or if two are negative and one 
positive. According to this defini- 
tion, s-graphs a and 3b are balanced 
while s-graphs ¢ and d are not (Fig. 4). 
We note that in the examples cited 
Heider's balanced state is depicted as 
an s-graph of three points whose cycle 
is positive. 

In generalizing Heider’s concept of 
balance, we propose to employ this 
characteristic of balanced states as a 
general criterion for balance of truc- 
tures with any number of entities. 


Thus we define an s-graph (containing 
any number of points) as balanced if 
all of its cycles are positive. 

Figure 5 illustrates this definition 
for four s-graphs containing four 
points. In each of these s-graphs 
there are seven cycles: AB, BC, CA; 
AB, BD, DA; BC, CD, DB; AC, CD, 
DA; AB, BC, CD, DA; AB, BD, DC, 
CA; and BC, CA, AD, DB. It will 
be seen that in s-graphs a and 6 all 
seven cycles are positive, and these 
s-graphs are therefore balanced. In 
s-graphs c and d the cycle, AB, BC, 
CA, is negative (as are several others), 
and these s-graphs are therefore not 
balanced. It is obvious that this 
definition of balance is applicable to 
Structures containing any number of 
entities.® 


A 








Fic. 5. Four s-graphs containing four 
points and six lines each. Structures a and b 
are balanced, but ¢ and d are not balanced. 


*If an s-graph contains no cycles, we say 
that it is “vacuously” balanced, since all (in 
this case, none) of its cycles are positive. 
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The extension of this definition of 
balance to s-digraphs containing any 
number of points is straightforward. 
Employing the same definition of sign 
of a semicycle for an s-digraph as for 
an ordinary s-graph, we similarly de- 
fine an s-digraph as balanced if all of 
its semicycles are positive. 

Consider now Heider’s P-O-X unit, 
containing two persons P and O and 
an impersonal entity X, in which we 
are concerned only with liking rela- 
tions. Figure 6 shows three of the 
possible 3-point s-digraphs which may 
represent such P-O-X units. A posi- 
tive PO line means that P likes O, a 
negative PO line means that P dis- 
likes O. We assume that a person 
can like or dislike an impersonal 
entity but that an impersonal entity 
can neither like nor dislike a person.’ 
We also rule out of consideration here 
“‘ambivalence,”’ where a person may 
simultaneously like and dislike an- 


other person or impersonal entity. 
In each of these s-digraphs there are 


three semicycles: PO, OP; PO, OX, 


XP; and PO, OX, XP. If we confine 
our discussion to the kind of structures 
represented in Fig. 6 (i.e., where there 
is no ambivalence and where all 
possible positive or negative lines are 
present), it will be apparent that: 
when P and O like each other, the 
s-digraph is balanced only if both 
persons either like or dislike X (s- 
digraph a is not balanced); when P 
and O dislike each other, the s-digraph 
is balanced only if one person likes X 
and the other person dislikes X (s- 
digraph 6 is balanced) ; and when one 
person likes the other but the other 


*In terms of digraph theory we define an 
object as a point with zero output. Thus a 
completely indifferent person is an object. 
If, psychologically, an impersonal entity is 
active and likes or dislikes a person or another 
impersonal entity, then in terms of digraph 
theory it is not an object. 











Fic.6. Three s-digraphs representing Heider’s 
P-O-X units. Only structure 6 is balanced. 


dislikes him, the s-digraph must be 
not balanced (s-digraph c is not bal- 
anced). These conclusions are con- 
sistent with Heider’s discussion of 
P-O-X units and with Newcomb’s 
treatment of the A-B-X model. 

The further extension of the notion 
of balance to s-graphs of type 2 re- 
mains to be made. The simplest pro- 
cedure would be simply to ignore the 
types of lines involved. Then we 
would again define, an s-graph of type 2 
to be balanced if all of its cycles are 
positive. This definition appears to 
be consistent with Heider’s intention, 
at least as it applies to a situation con- 
taining only two entities. For in 
speaking of such situations having 
both L and U relations, he calls them 
balanced if both relations between the 
same pair of entities are of the same 
sign (see 9, p. 110). There remains 
some question as to whether this defi- 
nition will fit empirical findings for 
cycles of greaterlength. Until further 
evidence is available, we advance the 
above formulation as a tentative defi- 
nition. Obviously the definition of 
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balance can be given for s-graphs of 
general type r in the same way. 


SoME THEOREMS ON BALANCE 


By definition, an s-graph is bal- 
anced if and only if each of its cycles 
is positive. In a given situation 
represented by an s-graph, however, it 
may be impractical to single out each 
cycle, determine its sign, and then 
declare that it is balanced only after 
the positivity of every cycle has been 
checked. Thus the problem arises of 
deriving a criterion for determining 
whether or not a given graph is 
balanced without having to revert to 
the definition. This problem is the 
subject matter of a separate paper (6), 
in which two necessary and sufficient 
conditions for an s-graph to be bal- 
anced are developed. The first of 
these is no more useful than the defini- 
tion in determining by inspection 
whether an s-graph is balanced, but it 
does give further insight into the 
notion of balance. Since the proofs 
of these theorems may be found in the 
other paper, we shall not repeat 
them here. 

Theorem. 


An s-graph is balanced 
if and only if all paths joining the same 
pair of points have the same sign. 
Thus, we can ascertain that the 
s-graph of Fig. 7 is balanced either by 
listing each cycle separately and veri- 
fying that it is positive, or, using this 





Fic. 7. An s-graph of eight points and 
thirteen lines which, by aid of the structure 
theorem, can be readily seen as balanced. 
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theorem, by considering each pair of 
possible points and verifying that all 
possible paths joining them have the 
same sign. For example, all the 
paths between points A and E are 
negative, all paths joining A and C 
are positive, etc. 

The following structure theorem has 
the advantage that it is useful in de- 
termining whether or not a given 
s-graph is balanced without an ex- 
haustive check of the sign of every 
cycle, or of the signs of all paths join- 
ing every pair of points. 

Structure theorem. An s-graph is 
balanced if and only if its points can 
be separated into two mutually ex- 
clusive subsets such that each positive 
line joins two points of the same sub- 
set and each negative line joins points 
from different subsets. 

Using the structure theorem, one 
can see at a glance that the s-graph of 
Fig. 7 is balanced, for A, B, C, D, and 
E, F, G, H are clearly two disjoint 
subsets of the set of all points which 
satisfy the conditions of the structure 
theorem. 

It is not always quite so easy to 
determine balance of an s-graph by 
inspection, for it is not always neces- 
sarily true that the points of each of 
the two subsets are connected to each 
other. Thus the two s-graphs of Fig. 
8 are balanced, even though neither of 
the two disjoint subsets is a connected 
subgraph. However, the structure 
theorem still applies to both of the 
s-graphs of Fig. 8. In the first graph 
the appropriate subsets of points are 
A, D, E, H and B, C, F, G; while in 
the second one we take A;, B;, A3, Bs, 
As, B; and A», Bz, Ag, By. 

In addition to providing two neces- 
sary and sufficient conditions for bal- 
ance, these theorems give us further 
information about the nature of bal- 
ance. Thus if we regard the s-graph 
as representing Heider’s L-relation in 
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a group, then the structure theorem 
tells us that the group is necessarily de- 
composed into two subgroups (cliques) 
within which the relationships that 
occur are positive and between which 
they are negative. The structure 
theorem, however. does not preclude 
the possibility that one of the two 
subsets may be empty—as, for ex- 
ample, when a connected graph con- 
tains only positive lines. 

The first theorem also leads to some 
interesting consequences. Suppose it 
were true, for example, that when two 
people like each other they can influ- 
ence each other positively (i.e., pro- 
duce intended changes in the other), 
but when two people dislike each other 
they can only influence each other 
negatively (i.e., produce changes oppo- 
site to those intended). An s-graph 


depicting the liking relations among a 
group of people will, then, also depict 
the potential influence structure of the 
group. Suppose that Fig. 7 repre- 


sents such a group. If A attempts to 
get H to approve of something, H will 
react by disapproving. If H at- 
tempts, in turn, to get G to disapprove 
of the same thing, he will succeed. 
Thus A’s (indirect) influence upon G 
is negative. The first theorem tells 
us that A's influence upon G must be 
negative, regardless of the path along 
which the influence passes, since the 
s-graph is balanced. In general, the 
sign of the influence exerted by any 
point upon any other will be the same, 
no matter what path is followed, since 
the graph is balanced. 

By use of the structure theorem it 
can be shown that in a balanced group 
any influence from one point to 
another within the same clique must 
be positive, even if it passes through 
individuals outside of the clique, and 
the influence must be negative if it 
goes from a person in one clique to a 
person in the other. (It should be 
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Fic. 8. Two s-graphs whose balance cannot 
be determined easily by visual inspection. 


noted that in this discussion we give 
the term ‘‘clique”’ a special meaning, 
as above.) Thus, under the assumed 
conditions, any exerted influence re- 
garding opinions will tend to produce 
homogeneity within cliques and op- 
posing opinions between cliques. 
Although we have illustrated these 
theorems by reference to social groups, 
it should be obvious that they hold for 
any empirical realizations of s-graphs. 


FURTHER CONCEPTS IN THE 
THEORY OF BALANCE 


The concepts of balance as de- 
veloped up to this point are clearly 
oversimplifications of the full com- 
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plexity of situations with which we 
want to deal. To handle such com- 
plex situations more adequately, we 
need some further concepts. 

Thus far we have only considered 
whether a given s-graph is balanced 
or not balanced. But it is intuitively 
clear that some unbalanced s-graphs 
are “more balanced’’ than others! 
This suggests the introduction of some 
scale of balance, along which the 
‘‘amount” of balance possessed by an 
unbalanced s-graph may be measured. 
Accordingly we define the degree of 
balance of an s-graph as the ratio of 
the number of positive cycles to the 
total number of cycles. In symbols, 
let G be an s-graph, 


c(G) = the number of cycles of G, 
c,(G) = the number of positive 
cycles of G, and 





b(G) = the degree of balance of G. 
Then 
c.(G) 
G) = +. 
b(G) <(G) 


Since the number c,(G) can range 
from zero to c(G) inclusive, it is clear 
that 6(G) lies between 0 and 1. Ob- 
viously b(G) = 1 if and only if G is 
balanced. We can give the number 
b(G) the following probabilistic inter- 
pretation : the degree of balance of an 
s-graph is the probability that a 
randomly chosen cycle is positive. 

Does b(G) = 50% mean that G 
is exactly one-half balanced? The 
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Fic. 9. A graph of four points which can 


acquire degrees of balance of only .33 and 
1.00 regardless of the assignment of positive 
and negative signs to its five lines. 
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An s-graph which is 3-balanced 
but not 4-balanced. 
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answer to this question depends on the 
possible values which b(G) may as- 
sume. This in turn depends on the 
structure of the s-graph G. Thus, if 
G is the complete graph of 3 points 
and G is not balanced, then the only 
possible value is b(G) = 0, since there 
is only one cycle. Similarly, if the 
lines of G are as in Fig. 9, some of 
which may be negative, and if G is not 
balanced, then the only possible value 
is b(G) = 4, and b(G) = 50% does 
not even occur for this structure. 
Thus any interpretation given to the 
numerical value of b(G) must take 
into account the distribution curve for 
b(G), which is determined by the 
structure of G. 

We now consider the corresponding 
concept of the degree of balance for 
s-diagraphs. Since an s-digraph is 
balanced if all of its semicycles are 
positive, the degree of balance of an 
s-digraph is taken as the ratio of the 
number of positive semicycles to the 
total number of semicycles. 

In a given s-graph which represents 
the signed structure of some psycho- 
logical situation, it may happen that 
only cycles of length 3 and 4 are im- 
portant for the purpose of determining 
balance. Thus in an s-graph repre- 
senting the relation L in a complex 
group, it will not matter at all to the 
group as a whole whether a cycle of 
length 100, say, is positive. To 
handle this situation rigorously, we 
define an s-graph to be N-balanced if 
all its cycles of length not exceeding 
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N are positive. Of course the degree 
of N-balance is definable and com- 
putable for any s-graph. Examples 
can be given of unbalanced s-graphs 
which are, however, N-balanced for 
some N. Figure 10 illustrates this 
phenomenon for N = 3, since all of 
its 3-cycles are positive, but it has a 
negative 4-cycle.”” 

For certain problems, one may wish 
to concentrate only on one distin- 
guished point and determine whether 
an s-graph is balanced there. This 
can be accomplished by the notion of 
local balance. We say an s-graph is 
locally balanced at point P if all cycles 
through P are positive. Thus the 
s-graph of Fig. 11 is balanced at points 
A, B, C, and not balanced at D, E, F. 
If this figure represents a sociometric 
structure, then the concept of local 
balance at A is applicable provided A 
is completely unconcerned about the 
relations among D, E, F. 

Some combinatorial problems sug- 
gested by the notions of local balance 
and N-balance have been investi- 
gated by Harary (7). The principal 
theorem on local balance, which fol- 
lows, uses the term “articulation 
point” which we now define. An 
articulation point™ of a connected 
graph is one whose removal ® results 
in a disconnected graph. Thus the 
point D is the only articulation point 
of Fig. 11. We now state the main 


%” One way of viewing the definition of N- 
balance is to regard cycles of length N as 
having weight 1, and all longer cycles as of 
weight 0. Of course, it is possible to general- 
ize this idea by assigning weights to each 
length, e.g., weight 1/2" to length N. 

4A characterization of the articulation 
points of a graph, or in other words the liaison 
persons in a group, is given by Ross and 
Harary (19), using the “structure matrix” of 
the graph. An exposition of this concept is 
given in Harary and Norman (8). 

2 By the removal of a point of a graph is 
meant the deletion of the point and all lines 
to which it is incident. 
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theorem on local balance, without 
proof. 

Theorem. If aconnected s-graph G 
is balanced at P, and Q is a point on 
a cycle passing through P, where Q 
is not an articulation point, then G is 
also balanced at Q. 

Figure 11 serves to illustrate this 
theorem, for the s-graph is balanced 
at A, and is also balanced at B but is 
not balanced at D, which is an articu- 
lation point. 

In actual practice, both local bal- 
ance and N-balance may be employed. 
This can be handled by introducing 
the combined concept of local N- 
balance. Formally we say that an 
s-graph is locally N-balanced at P if all 
cycles of length not exceeding N and 
passing through P are positive. Ob- 
viously the degree of local N-balance 
can be defined analogously to the de- 
gree of balance. 

In summary, the concept of degree 
of balance removes the limitation of 
dealing with only balanced or un- 
balanced structures, and in addition 
is susceptible to probabilistic and 
statistical treatment. The definition 
of local balance enables one to focus 
at any particular point of the struc- 
ture. The introduction of N-balance 
frees us from the necessity of treating 
all cycles as equally important in de- 
termining structural balance. Thus, 
the extensions of the notion of balance 





Fic. 11. An s-graph which is locally 
balanced at points A, B, C but not balanced 
at points D, E, F. 
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developed in this section permit a 
study of more complicated situations 
than does the original definition of 


Heider. 


ADEQUACY OF THE GENERAL 
THEORY OF BALANCE 


In any empirical science the evalua- 
tion of a formal model must be con- 
cerned with both its formal properties 
and its applicability to empirical data. 
An adequate model should account for 
known findings in a rigorous fashion 
and lead to new research. Although 
it is not our purpose in this article to 
present new data concerning ten- 
dencies toward balance in empirical 
systems, we may attempt to evaluate 
the adequacy of the proposed general 
theory of balance in the light of 
presently available research. 

Our review of Heider’s theory of 
balance and of the research findings 


related to it has revealed certain am- 
biguities and limitations concerning 
(a) the treatment of unsymmetric re- 
lations; (b) the generalization to sys- 


tems containing more than three 
entities; (c) the distinction between 
the complement and the opposite of a 
relation; (d) the simultaneous exis- 
tence of relationships of different 
types; and (e) the applicability of the 
concept of balance to empirical sys- 
tems other than cognitive ones. We 
now comment briefly upon the way in 
which our generalization deals with 
each of these problems. 

Unsymmetric relations. It was noted 
above that, while theoretical discus- 
sions of balance have sometimes al- 
lowed for the possibility of unsym- 
metric relations, no rigorous definition 
of balance has been developed to en- 
compass situations containing unsym- 
metric relationships. Furthermore, 
empirical studies have tended to as- 
sume that liking is reciprocated, that 
each liking relation is symmetric. 
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By stating the definition of balance in 
terms of s-digraphs, we are able to 
include in one conceptual scheme both 
symmetric and unsymmetric relation- 
ships. And it is interesting to observe 
that, according to_ this definition, 
whenever the lines PO and OP are of 
different signs, the s-digraph contain- 
ing them is not balanced. Thus, to 
the extent that tendencies toward 
balance have been effective in the 
settings empirically studied, the as- 
sumption of symmetry has, in fact, 
been justified. 

Situations containing any finite num- 
ber of entities. Heider’s discussion of 
balance has been confined to struc- 
tures containing no more than three 
entities. The definition of balance 
advanced here contains no such limita- 
tion; it is applicable to structures 
containing any finite number of en- 
tities. Whether or not empirical 
theories of balance will be confirmed 
by research dealing with larger struc- 
tures can only be determined by em- 
pirical work. It is clear, however, 
that our generalization is .consistent 
with the more limited definition of 
Heider. 

A relation, its complement, and 1ts 
opposite. Using s-graphs and s-di- 
graphs to depict relationships between 
entities allows us to distinguish among 
three situations: the presence of a 
relation (positive line), the presence 
of the opposite of a relation (negative 
line), and the absence of both (no 
line). The empirical utilization of 
this theory requires the ability to 
distinguish among these three situa- 
tions. In our earlier discussion of the 
literature on balance, we noted, how- 
ever, a tendency to distinguish only 
the presence or absence of a relation- 
ship. It is not always clear, there- 
fore, in attempting to depict previous 
research in terms of s-graph theory 
whether a given empirical relationship 
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should be coordinated to no line or to 
a negative line. 

The experiment of Jordan (11) 
illustrates this problem quite clearly. 
He employed three entities and speci- 
fied certain U and L relations between 
each pair of entities. The empirical 
realization of these relations was ob- 
tained in the following way: U was 
made into ‘‘has some sort of bond or 
relationship with”; ~U into “has no 
sort of bond or relationship with;” 
L was made into “‘like;’’ and ~L into 
“dislike.” Viewed in the light of 
s-graph theory, it would appear that 
Jordan created s-graphs of type 2 
(which may contain positive and 
negative lines of type U and type L). 
It would also appear, however, that 
the ~U relation should be depicted as 
the absence of any U-line but that the 
~L relation should be depicted as a 
negative L-line. If this interpreta- 
tion is correct, Jordan's classification 
of his situations as ‘‘balanced” and 
“imbalanced” will have to be revised. 
Instead of interpreting the ~U rela- 
tion as a negative line, we shall have 
to view it as no U-line, with the result 
that all of his situations containing 
~U relations are vacuously balanced 
by our definition since there are no 
cycles. 

It is interesting to examine Jordan’s 
data in the light of this reinterpreta- 
tion. He presented subjects with 64 
hypothetical situations, half of which 
were “balanced” and half ‘“imbal- 
anced”’ by his definition. He had 
subjects rate the degree of pleasant- 
ness or unpleasantness experienced in 
each situation (a high score indicat- 
ing unpleasantness). For ‘‘balanced”’ 
situations the mean rating was 46 and 
for “‘imbalanced”’ ones, 57. 

If, however, we interpret Jordan’s 
~U relation as the absence of a line, 
his situations must be reclassified. 
Of his 32 “balanced”’ situations, 14 
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have no ~U relation and thus remain 
balanced. The mean unpleasantness 
score for these is 39. The remaining 
18 of his ‘“‘balanced’”’ situations, hav- 
ing at least one ~U relation, become 
vacuously balanced since no cycle re- 
mains. The mean unpleasantness of 
these vacuously balanced situations is 
51. Of Jordan’s 32 “imbalanced”’ 
situations, 19 contain at least one ~U 
relation, thus also becoming vacuously 
balanced, and the mean unpleasant- 
ness score for these is 51. The re- 
maining 13 situations, by having no 
~U relations, remain imbalanced, and 
their mean score is 66. Thus it is 
clear that the difference in pleasant- 
ness between situations classed by 
Jordan as “balanced” and ‘‘imbal- 
anced”’ is greatly increased if the 
vacuously balanced situations are re- 
moved from both classes (balanced, 
39; vacuously balanced, 51; not bal- 
anced, 66). These findings lend sup- 
port to our view that the statement 
“has no sort of bond or relationship 
with” should be represented as the 
absence of a line." 

Relations of different types. A basic 
feature of Heider’s theory of balance 
is the designation of two types of 
relations (L and U). Our generaliza- 
tion of the definition of balance per- 
mits the inclusion of any number of 
types of relations. Heider discusses 
the combination of types of relations 
only for the situation involving two 
entities, and it is clear that our defini- 
tion is consistent with his within this 
limitation. It is interesting to note 


%3A strict test of our interpretation of 
Jordan's data is not possible since he specified 
for any given pair of entities only either the 
L or U relation. We can but guess how the 
subjects filled in the missing relationship. In 
the light of our discussion of relations of 
different types, in the next section, it appears 
that subjects probably assumed a positive 
unit relation when none was specified, since 
there is a marked tendency to experience 
negative liking relations as unpleasant. 
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that Jordan (11) finds positive liking 
relations to be experienced as more 
pleasant than negative ones. This 
finding may be interpreted as indicat- 
ing a tendency toward “positivity” 
over and above the tendency toward 
balance. It is possible, however, that 
in the hypothetical situations em- 
ployed by Jordan the subjects as- 
sumed positive unit relations between 
each pair of entities. If this were in 
fact true, then a positive liking rela- 
tion would form a positive cycle of 
length 2 with the positive unit rela- 
tion, and a negative liking relation 
would form a negative cycle of length 
2 with the positive unit relation. 
And, according to the theory of bal- 
ance, the positive cycle should pro- 
duce more pleasantness than the 
negative one. This interpretation can 
be tested only through further re- 
search in which the two relations are 
independently varied. 


Empirical applicability of concept of 


balance. Heider's discussion of bal- 
ance refers to a cognitive structure, or 
the life space of a single person. 
Newcomb suggests that a similar con- 
ception may be applicable to interper- 
sonal systems objectively described. 
Clearly, our definition of balance may 
be employed whenever the terms 
“point” and ‘“‘signed line’’ can be 
meaningfully coordinated to empirical 
data of any sort. Thus, one should 
be able to characterize a communica- 
tion network or a power structure as 
balanced or not. Perhaps it would be 
feasible to use the same definition in 
describing neural networks. It must 
be noted, however, that it is a matter 
for empirical determination whether 
or not a tendency to achieve balance 
will actually be observed in any par- 
ticular kind of situation, and what the 
empirical consequences of not bal- 
anced configurations are. Before ex- 
tensive utilization of these notions can 
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be accomplished, certain further con- 
ceptual problems regarding balance 
must be solved. 

One of the principal unsolved prob- 
lems is the development of a sys- 
tematic treatment of relations of vary- 
ing strength. We believe that it is 
possible to deal with the strength of 
relations by the concept of a graph of 
strength o, suggested by Harary and 
Norman (8). 


SUMMARY 


In this article we have developed a 
generalization of Heider’s theory of 
balance by use of concepts from the 
mathematical theory of linear graphs. 
By defining balance in graph-theoretic 
terms, we have been able to remove 
some of the ambiguities found in 
previous discussions of balance, and to 
make the concept applicable to a 
wider range of empirical situations 
than was previously possible. By in- 
troducing the concept degree of balance, 
we have made it possible to treat 
problems of balance in statistical and 
probabilistic terms. It should be 
easier, therefore, to make empirical 
tests of hypotheses concerning balance. 

Although Heider’s theory was origi- 
nally intended to refer only to cog- 
nitive structures of an individual per- 
son, we propose that the definition of 
balance may be used generally in 
describing configurations of many 
different sorts, such as communication 
networks, power systems, sociometric 
structures, systems of orientations, or 
perhaps neural networks. Only fu- 
ture research can determine whether 
theories of balance can be established 
for all of these configurations. The 
definitions developed here do, in any 
case, give a rigorous method for de- 
scribing certain structural aspects of 
empirical configurations. 
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The intent of the present effort is to 
re-evaluate some concepts of emotional 
reactivity in the light of Helson’s adap- 
tation-level (AL) theory (6). Any in- 
clusive behavior theory should be ap- 
plicable to emotional behavior, as well 
as to other forms of behavior; more 
specifically, it should also be applicable 
to such clinically observed behavior as 
Rorschach color responses. Rorschach 
color responses are presumed to be per- 
ceptual correlates of emotional reactiv- 
ity. We are, in effect, attempting to 
order an array of clinical facts into an 
existing, systematic theory of behavior. 
By so doing, the application of AL the- 
ory may be broadened to include a new 
body of data. 

Rorschach responses, from which overt 
behavior is predicted, are characteristi- 
cally seen as being symbolic of uncon- 
scious needs, and the processes mediat- 
ing between the latter and behavior 
must somehow be accounted for. AL 
theory is particularly concerned with 
the explanation of intervening vari- 
ables. As such, we believe that it of- 
fers the most promising framework in 
which to investigate the data of emo- 
tional reactivity. 

In order to investigate the adequacy 
of AL theory for this purpose, we will 
attempt to explain some representative 
findings concerning Rorschach color 
data. Response to color was chosen 
since color is a relatively uncomplicated 
stimulus which yields a response with 
affective meaning. Rorschach color re- 
sponses provide a considerable body of 
data upon which one may draw. 

Rorschach, in his report on the Psy- 
chodiagnostic, formulated what has come 





to be known as the “affect-color” the- 
ory. As Rorschach expressed it, 

“Tt has long been realized that there 
must exist a very close relationship be- 
tween color and affectivity. The gloomy 
person is one to whom everything looks 
‘black,’ while the cheerful person is said 
to see everything through rose-colored 
glasses” (14, p. 99). 

Beck (1) seems to have largely ac- 
cepted Rorschach’s formulation. Klopfer 
(8, 9) has also accepted the essence of 
Rorschach’s affect-color theory but has 
considerably elaborated upon it. Fortier 
(2) recently reviewed the literature and 
concluded that the acceptance of a 
roughly one-to-one relationship between 
color and affect is defensible. 

Perhaps the most damaging evidence 
against a simple affect-color theory is 
provided by the experiment of Siipola 
(15). Her major finding was that it is 
the perception of color inappropriate to 
the form enclosing that color which 
gives rise to emotional response, not 
color as such. McClelland (11) offers 
a corollary to AL theory which seems 
to be particularly relevant to Siipola’s 
findings. To paraphrase McClelland: 
People are indifferent to (bored by) 
that which they wholly expect, find 
pleasing that. which is somewhat unex- 
pected (novel), and find unpleasant that 
which radically differs from expectation 
(shocking). Siipola’s findings are easily 
handled in these terms. When the sub- 
ject (S) perceives a form representing, 
to him, a human face, he experiences 
“something radically different from ex- 
pectation” when that face is bright green 
in color. The shock may be similar to 
that which one might undergo upon be- 
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ing confronted by the notorious purple 
cow. 


RELEVANT EXPERIMENTAL FINDINGS 


A sample of college students has been 
reported by one of the writers (5) to 
have ranked the colored cards in the 
order of preference as follows: Cards 
VIII and X tied for the first rank (best 
liked), then Cards III and IX, and 
finally II. The achromatic cards ranked 
below the colored. In terms of Mc- 
Clelland’s formulation we would say 
that the colored cards were novel, and 
therefore pleasant to the Ss. Card II 
would be unpleasing to Ss with low 
ALs since it is the first colored card, 
and it comes after Card I has set the S 
to expect achromatic stimuli. Card II, 
in its standard colored form, was re- 
ported to be relatively unpleasant by a 
group of unstable subjects studied by 
Wallen (18). 

Hershenson (7) has found that ado- 
lescent females find Card IT less pleas- 
ing than do males of the same age. She 
implies that this may be due to a sort 
of “menstrual anxiety” on the part of 
these adolescent females. Aside from 
this, her Ss reacted in a manner very 
similar to that of George’s college stu- 
dents. To elicit shock reactions from 
ink-blot stimuli, Siipola (16) had first 
to lower her subjects’ ALs by subject- 
ing them to a press situation. She 
aroused a degree of anxiety in the Ss 
and they reacted with color shock, a re- 
action similar to that found in neurotic 
Ss who had chronically low ALs (12, 
18). Finally, Mitchell (12) has re- 
ported that the majority of psychoneu- 
rotic Ss ranking Card II as the least 
liked of the cards state that they did so 
because the color was unpleasant to 
them. 

In terms of AL theory, Ss with pre- 
sumahly normally high ALs, George’s 
college students, Hershenson’s high 
school males, and Wallen’s stable males 
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—tend to report the unexpected emer- 
gence of color on Card II as pleasant. 
On the other hand, the unexpected color 
is reported as unpleasant to Ss with 
either chronically low or experimentally 
lowered ALs. Such Ss include Wallen’s 
unstable males, Mitchell’s psychoneu- 
rotics, Hershenson’s adolescent females, 
and Siipola’s college students under 
press conditions. Other pertinent data 
are provided by Holzberg and Wexler 
(8), who found that reaction time to 
colored cards is significantly lower in 
schizophrenic Ss upon retest than it 
was on the first test. We might explain 
this finding by saying that the Ss were 
expecting colored stimulation on the re- 
test and were therefore less surprised or 
shocked by it. Likewise, we could ex- 
plain the marked tendency of normal Ss 
to prefer Cards VIII, IX and X (5) by 
assuming that Cards IT and III had pre- 
pared them for colored stimuli, thereby 
offsetting possible surprise reactions, but 
that they were still pleasantly novel, 
since Cards IV and VII preceded them. 

From the foregoing discussion we 
would be led to expect different affec- 
tive reactions to the cards when they 
are presented in reverse order. Data 
illustrating the fact that different reac- 
tions are thus elicited are provided by 
a further phase of Wallen’s experiment. 
One group of stable men were presented 
the cards in standard order, another 
group in reverse order (Cards X through 
I). The percentage reported by Wallen 
as liking each card were, for standard 
and reverse order groups respectively: 
Card I—15, 43; II—23, 37; IlI—23, 
35; IV—34, 23; V—S58, 52; VI—49, 
54; VII—26, 14; VIII—72, 54; IX— 
62, 38; X—69, 23. For the differences 
between group reactions to Cards I, 
VIII, IX and X, Wallen reports CRs 
of 3.7, 2.2, 2.8, and 6.8, respectively. 
Assuming that Ss come to the Rorschach 
cards with an expectation of achromatic 
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stimuli, as persons in our culture expect 
black and white movies when color is 
not advertised, we can explain the sig- 
nificant difference between the groups 
in their affective reactions to Card X. 

In the standard order, Card X is well 
liked because it is preceded by four 
colored cards and the Ss are prepared 
for further chromatic stimuli. In the 
reverse order, Card X is less well liked 
because Ss are not expecting color, and 
are surprised or shocked by it. The re- 
verse-order group reported less positive 
affect for Cards IX and VIII than did 
the standard group, but they did report 
an increasing liking for chromatic cards 
as they became adapted to color stimu- 
lation. Furthermore, the reverse group 
liked Card II better than did the stand- 
ard group, and they liked Card I signifi- 
cantly more, since it came after the 
colored Cards III and II and was there- 
fore novel. 

To extend further the consideration 
of color phenomena we may appeal to 
Helson’s concepts of residual and pool- 
ing. In this way we may attempt to 
explain those cases in which Ss show 
persistent shock reaction to color even 
after there has been ample opportunity 
to adapt, ie., even though the experi- 
ence of color is no longer unexpected. 

According to Helson (6, p. 382) there 
are three major factors in adaptation, 
of which two are relevant to the present 
discussion: the stimulus attended to or 
being judged (the testing situation and 
any preceding plates), and effects of 
previous stimuli forming the residual 
stimulus (whatever latent reaction proc- 
esses toward color the subject may bring 
to the testing situation). Thus, persist- 
ing tendencies toward color-shock re- 
actions to the last three colored cards, 
or even to retest situations, can be 
easily fitted into AL theory. 

Next, we must explain the data de- 
rived from work with the formal scor- 
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ing categories utilizing color. We may 
speculate that Form-Color (FC) re- 
sponses occur only when the S does not 
react with displeasure, or shock, to the 
stimulus, and usually only when he re- 
acts with pleasure. In terms of AL the- 
ory any emotionality arising from un- 
expected, or residual, factors associated 
with the stimulus is sufficiently close to 
the S’s zero point of adaptation to al- 
low him to maintain intellectual effi- 
ciency, and he is thus able to order the 
stimuli in the more easily structured 
form dominant combinations. 

The Color-Form (CF) responder is 
so influenced by his emotional response 
to unexpected or residual associations 
with color that he is unable to make full 
use of his intellectual capacity to order 
properly the form properties of the blot. 

Finally, the Color (C) responder is 
overwhelmed by the unexpected and 
residual associations, and is momen- 
tarily deprived of any capacity for 
structuring the form elements of the 
stimulus. It would be difficult to con- 
ceive of a C response in which residual 
components are not of primary impor- 
tance. Such responses are not expected 
in adult Ss unless the residuals are such 
that AL is extremely low for color, or 
for specific associations with the color 
perceived, e.g., blood responses. When 
the S is totally overwhelmed, he simply 
rejects the card. 

Helson’s concept of stimulus pooling 
may have an interesting application to 
startle or shock reaction. Helson cites 
experimental evidence (6, p. 381) to 
confirm his position that stimulus pool- 
ing may occur below the level of con- 
scious awareness. This process of pool- 
ing as conceived by Helson would seem 
to be incomplete for the present effort. 
One might also appeal to the Freudian 
concept of repression. Pooling would 
then for us consist of subliminal effects 
plus repressed affect. The sudden pres- 
entation of a stimulus for which the 
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S has acquired below-conscious, affect- 
laden residuals brings about the sudden 
emergency of pure affect, the nature of 
which the S cannot readily order cog- 
nitively. This surge of affect, which is 
unexpected and inexplicable to the S, 
causes the response which Rorschach 
referred to as color shock. It is not the 
surge of affect, per se, but the unex- 
pectedness and inexplicability of it for 
the S that brings about the startle re- 
sponse. 

In the light of the above theoretical 
discussion of the color score categories, 
how might we explain the findings of 
Smith (17)? This investigator reports 
low but significant positive correlations 
between FC and Wechsler-Bellevue sub- 
test scores, low but significant negative 
correlations between CF and Wechsler- 
Bellevue subtest scores. The FC re- 
sponder adapts to any stressful event 
(test situation) and therefore is able to 
deal with such events without undue 
emotional interference. The CF re- 


sponder, on the other hand, with his 


low AL for any emotional or stressful 
stimulation, is less able to utilize any 
intellectual capacity he may possess. 
This S is just as incapable of structur- 
ing the components of the test situation 
as of structuring the form elements of 
an ink blot. It seems, then, that we 
are not dealing with intellectual vari- 
ables so much as ability to cope suc- 
cessfully with stress in test situations. 
It may be that affective residuals which 
become associated with the stressful as- 
pects of the test situation are largely 
responsible for the relative inability of 
the CF responder to make adequate use 
of his cognitive capacities. 

The reported negative relationships of 
the weighted color score (Sum C= 
.5FC + CF + 1.5C) with various meas- 
ures of intelligence (3, 13) may be ex- 
plained in the same way. These rela- 
tionships may be expected to hold be- 
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cause of the heavy weighting of CF and 
C; they might be even higher were not 
FC weighted positively in the formula. 

Evidence that FC Ss react in an emo- 
tionally stable manner, but with some 
suggestion of stereotypy and inhibition, 
is found in a report by George (4). 
This report also indicates that CF Ss 
tend to react with impulsivity. We 
would say then, that the CF S’s affec- 
tive residuals are of sufficient force to 
lower his AL for any emotional situa- 
tion to such an extent that he is able to 
react with only a minimum of control. 


SUMMARY 


We have attempted to expand adapta- 
tion-level theory to include a body of 
psychological fact hitherto not sub- 
sumed under any systematic theory of 
adjustive behavior. AL theory has tra- 
ditionally been applied to psychophysi- 
cal methods of studying perception. 
Little or no work has been done on per- 
ceptual phenomena associated with af- 
fectivity. In our efforts to bring AL 
theory to bear on such phenomena we 
have utilized Rorschach color data. It 
has been possible to explain many find- 
ings concerning color responses by ref- 
erence to AL theory. These findings 
have not previously been satisfactorily 
explained by any inclusive theory. In 
this paper some apparently contradic- 
tory findings have been included within 
a single theoretical system. 
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It is the purpose of this paper to call 


attention to a problem neglected by mo- 
tivational theories, that of activity in 
the goal region. Contemporary motiva- 
tional theories are theories of striving 
to reach goals; their interest stops once 
the goal has been achieved. Even he- 
donism seems to deal only with the pur- 
suit of happiness and to have little place 
for happiness itself. 

Common experience suggests, however, 
that the task of a theory of motivation 
does not end with the attainment of the 
goal. Human beings are not concerned 
exclusively with trying to reach what 
they do not have. We may enjoy a 
friend, for example, without other rele- 
vant motivation, without trying to ac- 


complish anything. An activity shared 
with the loved person is more enjoyable 
than the same activity carried out with 


an indifferent partner. A friendly con- 
versation may proceed without ulterior 
motive. If we read and enjoy a good 
book, we cannot adequately describe 
our motivation by saying that we are 
trying to finish it as quickly as pos- 
sible. We may enjoy walking or driv- 
ing without any place in particular to 
go. In all of these instances, indeed, 
the termination of the activity may 
bring regret, rather than the satisfac- 
tion and release of tension usually con- 
sidered to mark the end of a sequence 
of motivated behavior. 

The fact that such cases tend to be 
neglected by motivational theorists does 
not mean that they present no problems. 
The questions to be discussed here con- 


1 The writer wishes to express her thanks to 
her colleagues, Gertrude Baltimore, Florence 
R. Miale, and Dr. Irvin Rock, for stimulating 
discussions of this problem. 


cern the forces responsible for activity 
in the goal region.? 

Lewin (4, p. 172 ff.) has opened dis- 
cussion of this problem. What forces 
act on the person who is enjoying a 
happy state without much change—such 
as, for example, lying under a tree? 
Lewin suggests that the forces in ques- 
tion do not bring about a tendency to 
directed action, but only one which is 
opposed to leaving the region of positive 
valence. 

The recognition of such a tendency, 
however, does not fully solve our prob- 
lem. While it might account for imac- 
tivity in a region of positive valence, it 
does not account for activity in such a 
region. In addition to resistance to 
leaving the goal region, forces must be 
postulated to account for behavior in 
this region.® 

Phenomenally, the driving aspects of 
motivation are over when the individual 
has achieved his goal. How, then, can 
activity occur? We start with an ex- 
amination of specific cases. In the fol- 
lowing examples, it will be noted, the 
enjoyment may be referred either to the 
self or to the object. Correspondingly, 
the forces responsible for activity in the 


2 Phenomenally, the satisfying experience of 
being together with what one has wanted is 
one of harmony between person and object. 
Another significant problem in this area is 
that of the nature of this harmony. What are 
the lacks of the person that the object meets? 
his aspects that the object “fits”? his proper- 
ties that the object reflects or symbolizes? 
How much of each enters into the relation? 

8 Allport’s theory of functional autonomy of 
motives (1) recognizes that activities may be 
engaged in for their own sake. It attempts, 
however, to account only for the selection of 
such activities, and does not discuss the forces 
responsible for them. 
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goal region may arise either from the 
needs of the ego or from the experi- 
enced properties of the situation. (Cf. 
2, 3, 6.) For the sake of convenience, 
we may describe the former as ego 
forces, and apply the term field forces 
to forces stemming from parts of the in- 
dividual’s psychological field other than 
his ego. 

Ego forces are clearly primary in the 
case of driving for pleasure. The driver 
follows his desires (within the goal re- 
gion, even though he is not striving to 
reach a goal), and the enjoyment is re- 
ferred to himself. Again, a person’s 
chief motivation in playing a game may 
be to win—an ego force—and the main 
enjoyment may derive from winning. 
While it might be maintained that we 
are dealing in such a case mostly with 
goal striving (to win), rather than with 
activity in a region of positive valence, 
even playing to win has usually in part 
the character of activity in a goal re- 
gion; and the enjoyment of the winning, 
with its reference to the self, still needs 
to be accounted for. 

In other instances it seems that field 
forces may play a considerable role. 
The enjoyment, as well as the forces re- 
sponsible for the activity, are frequently 
referred to the object. In the case of 
reading the absorbing book, for exam- 
ple, it is not that I want to reach the 
end; rather the activity continues until 
the end stops it. The self, to borrow a 
phrase from MacLeod (5), accommo- 
dates itself to the object. Again, in the 
friendly conversation, a question elicits 
its answer, a feeling finds its response, 
an idea calls forth an elaboration. The 
forces responsible for its continuation 
may arise, not from extraneous motiva- 
tion but, just as in the case of many 
other thinking processes, from the gaps 
and demands of the activity itself. 

In both kinds of cases, it must now 
be added, whether enjoyment of ac- 
tivity in a goal region and the forces 
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responsible for it are experienced as re- 
ferring primarily to the self or primarily 
to the object, both ego forces and field . 
forces are involved, and it is the rela- 
tion between them that is important. 
The absorbing book, for example, must 
be absorbing to me; it must be within 
my comprehension and it must appeal 
to some interest or motivational system 
—conscious or unconscious—within me. 
In the case of playing the game to win, 
the game must be played according to 
its rules and within its specific limita- 
tions. The player’s actions are called 
forth by the momentary situation as he 
perceives it. He plays a trump, for ex- 
ample, not because he is enamored of 
the particular suit, but because he sees 
the momentary distribution of cards as 
demanding this play. 

In examining the above examples, one 
is struck by their similarity to instances 
of actual goal striving. That dynamic 
differences exist between the two kinds 
of motivated action is suggested, how- 
ever, by the above-mentioned difference 
in outcome between them: satisfaction 
and release of tension in the case of 
goal striving as contrasted in many cases 
with regret when it becomes necessary 
to terminate activity in the goal region. 
The next step for investigation, then, 
seems to be to study the specific dy- 
namic differences between the two kinds 
of cases. 

It will be noted that the above differ- 
ence in outcome is probably at present 
the most reliable criterion for distin- 
guishing between these two kinds of ac- 
tivity. Enjoyment as such cannot be 
taken as a criterion, since it often per- 
tains to striving itself as well as to ac- 
tivity in the goal region. 

Another aspect of the problem of the 
forces at work in a region of positive 
valence is that of the relation between 
forces responsible for striving to reach 
a goal and those responsible for activity 
in the goal region. Here we see that 
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continuity is the rule. For example, 
both kinds of forces may operate simul- 
taneously. In the case of the activity 
enjoyed with the friend, e.g., solving a 
problem together, the main forces may 
be those in the direction of completing 
the task (both field forces and ego 
forces or forces acting on the persons as 
a group); yet the work may go on in 
an atmosphere of closeness and humor- 
ous exchange that may give it also the 
character of activity in the goal region. 
Further, activities together with the 
friend—activities having at least partly 
the character of activity in the goal re- 
gion—may result in changes in both 
persons. Not only will there follow 
changes in the details of the harmony 
between them, but new driving forces 
may also be initiated. For example, A 
may awaken new interests in B, or bring 
out dormant aspects of B, or show B he 
can do something B didn’t know he 
could do, with corresponding changes in 
the motivated actions of B. Or else A 
may discover an aspect of B he didn’t 
know about, e.g., an interest of B which 
A hopes to share, so that goal-directed 
forces act on A in relation to this qual- 
ity. In all these cases the nature of the 
relation between A and B (and thus the 
nature of further activity in the goal 
region), as well as the subsequent goal- 
directed activity of A or B, will be al- 
tered. 

Other changes in A or B may elimi- 
nate the harmony between them. For 
example, a person’s taste in music 
changes; he is now a more complex A 
than he was when he enjoyed music B. 
B now seems trite to him and he moves 
on to something else. Or B may be 
badly played so that A cannot enjoy it. 
Such changes in the goal region set up 
forces driving the individual out of this 
region. A special case of this kind is 
that of satiation of activity in the goal 
region (cf. also 4, p. 141). In other 
cases the individual may leave the goal 
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region, in the absence of satiation, un- 
der the influence of external pressures. 
The effects of insufficient early satisfac- 
tions on subsequent striving are well 
known. 

It might be objected that it is mis- 
leading to view activity in the goal re- 
gion as a special problem. Might we 
not describe such activity as a move- 
ment from one subgoal to another? 
Having made the friend, we are led to 
discover one new facet of the person 
after another. We move from one chap- 
ter of the book to the next. Each of 
these takes on the character of a sub- 
goal, and the activity can be described 
in terms of the familiar forces driving 
the individual toward goals. Lewin (4, 
p. 172) has suggested that “consump- 
tion, such as eating . can... be 
viewed as a type of locomotion through 
subregions of consumptions, the char- 
acter [valence] of which is progressively 
different. . . . It may be that every con- 
sumption has to some degree this char- 
acter.” 

But he adds that there are cases in 
which the happy state is enjoyed with- 
out much change, which do not fit this 
description. The postulation of sub- 
goals does violence to phenomenal ex- 
perience in many cases of activity in a 
region of positive valence. It ignores 
the fundamental characteristic of these 
experiences, that of being activity in 
the goal region. Furthermore, the de- 
scription in terms of subgoals takes into 
account only the movement from one 
phase of the activity to the next; it has 
nothing to say about the performance 
of any activity for its own sake. 

The above remarks need to be quali- 
fied in one respect. Motives are so or- 
ganized with respect to one another that 
the goal of one may be a subgoal with 
respect to a more inclusive need. Striv- 
ing to succeed in a particular activity, 
for example, may be regarded as a chain 
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of motivated action in its own right, but 
may also serve more inclusive ego needs. 
In this sense, activity in the goal region 
may indeed be regarded in its aspect of 
movement to the next subgoal. But 
even in this case there probably remains 
the problem of activity in the subgoal 
region, as distinct from that of loco- 
motion between subgoals. In addition, 
some of the cases cited above—for ex- 
ample aesthetic experiences and prob- 
ably the case of the enjoyment of the 
friend—do not permit of this kind of 
analysis into subgoals on the path to 
more inclusive goals. 


Summary 


Attention has been called to a prob- 
lem neglected by motivational theory, 
that of activity in the goal region. Ex- 
amples have been discussed, and next 
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steps for investigation have been indi- 
cated. The continuity between forces 
responsible for activity in the goal re- 
gion and forces driving the individual 
toward goals has been suggested. 
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THE LOGICAL STATUS OF HULL’S PRINCIPLE OF 
SECONDARY REINFORCEMENT * 


F. J. McGUIGAN 
Hollins College 


Hull’s system is the most quantita- 
tively advanced in psychological theory. 
But Hull himself recognized the need 
for the continuous development of the 
system. Referring to A Mathematico- 
Deductive Theory of Rote Learning 
(3) he says, “At one time a few of us 
worked out for a limited range of be- 
havior a strict system to explore its 
possibilities. It is probably too early 
to do this on a large scale . . . [but] 

. such a task should before very 
long . . . [be attempted] . . . at least 
for the field covered by the present vol- 
ume” (6, p. 3). 

The accomplishment of this goal would 
be a major effort. The scope of this 
paper will be limited to a small part of 
the entire problem, representing a pre- 
liminary step toward developing a “strict 
system,” i.e., a determination of the 
logical status of the principle of Sec- 
ondary Reinforcement (Corollary ii), 
with the expectation that similar analy- 
ses could be offered for other principles 
in the system, e.g., the principle of 
Secondary Motivation (Corollary i). 

In order to accomplish Hull’s pur- 
pose, we might make use of what 
Carnap (1) calls the postulational 
method. This method has two phases: 
the formalization phase consists of the 
construction of formal systems, mainly 
the task of logicians and mathemati- 
cians; in the interpretation phase the 
empirical scientist chooses a formal sys- 
tem appropriate to his kind of data, and 
interprets the primitive terms of the 


1 The author wishes to express his apprecia- 
tion to Clark J. Bailey for criticizing drafts of 
this paper, and to Mary Barbara Zeldin for 
checking the logic used. 


formal system. These interpreted primi- 
tive terms are then combined, according 
to the formation rules of the formal sys- 
tem used, to form primary principles of 
the empirical system. From the primi- 
tive terms and primary principles, sec- 
ondary terms and principles are deriv- 
able. 

With reference to Hull’s system let 
us ask: “Where might the empirical 
terms be found with which we can in- 
terpret the primitive (or possibly other) 
terms of a formal system?” Since Hull’s 
principles concerned with reinforcement 
(particularly Postulate III, Primary Re- 
inforcement, and Corollary ii, Second- 
ary Reinforcement) are viewed by many 
as forming the foundation of his sys- 
tem, they constitute a good starting 
point for such an inquiry. Therefore, 
let us examine Postulate III and Corol- 
lary ii in an attempt to clearly delineate 
between primary and secondary terms, 
and between primary and secondary 
principles. 

As a basis for further discussion, let 
us state the two principles: Postulate 
III; “Whenever an effector activity (R) 
is closely associated with a stimulus af- 
ferent impulse or trace (s) and the 
conjunction is closely associated with 
the rapid diminution in the motivational 
stimulus (Sp or Sq), there will result 
an increment (A) to a tendency for 
that stimulus to evoke that response.” 
Corollary ii: “A neutral receptor im- 
pulse which occurs repeatedly and con- 
sistently in close conjunction with a re- 
inforcing state of affairs, whether pri- 
mary or secondary, will itself acquire 
the power of acting as a reinforcing 
agent” (6, pp. 5-6). 


303 





304 


Apparently, Hull considered that Cor- 
ollary ii is logically derivable from 
Postulate III, possibly in conjunction 
with other principles (see footnote 4). 
He says, for instance, “These [corol- 
laries] are placed in sequence with the 
postulates, each corollary following the 
postulate upon which it mainly depends 
...” (6, p. 4); it can be seen that 
Postulate III is followed by Corollary 
ii. On this same point he says, else- 
where, “The principle of secondary re- 
inforcement . . . was used by us as a 
primary postulate in 1943. With the ad- 
ditional insight which has come through 
further research and study .. . it be- 
comes evident that a derived or second- 
ary principle may be deduced by a 
logical process from other primary prin- 
ciples which are available” (5, p. 26). 
He then informally discusses this rea- 
soning by starting with Postulate III. 
The essentials of this reasoning are 
given in an example (5, p. 26). Briefly, 
Hull’s notion is that the reduction of 
fear becomes attached to the stimuli 
and to the stimulus traces which are ac- 
tive at the time. The relaxation due to 
the reduction of fear then generalizes 
forward on those traces and gives rise 
to conditioned inhibitions, which can re- 
duce proprioceptive stimulus intensity 
and so reduce the drive stimulus (a re- 
inforcing situation). It follows that 
the stimuli which acquire the power of 
evoking the conditioned inhibition in 
this way become secondary reinforcing 
agents. However, an analysis of this 
reasoning suggests that Hull has shown 
us how a stimulus can become a second- 
ary reinforcing agent, and has not de- 
duced Corollary ii, formally or infor- 
mally, either from Postulate III or from 
Postulate III in conjunction with other 
principles. 

We shall now determine whether Cor- 
ollary ii is a logical consequence of Pos- 
tulate III. If this deduction és possible, 
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then Corollary ii is in fact a secondary 
principle of the system, and the concept 
of secondary reinforcement would have 
the status of a secondary term. Other- 
wise, as things now stand, Corollary ii 
would have to be considered a primary 
principle. 

In seeking this derivation, it is readily 
apparent that we are at a disadvantage, 
for although there is some similarity in 
the concepts expressed in the two prin- 
ciples, the words are noticeably differ- 
ent. Before we proceed, it would seem 
advisable to attempt to remove this dis- 
advantage. In an effort to preserve the 
meanings which Hull intended, and to 
change the wording as little as possible, 
but also to make the logical relation- 
ships of the two principles more appar- 
ent, the following minimal modifications 
are offered: 


Modified Postulate III 


1. Jf: An effector activity is closely 
associated with a stimulus-afferent im- 
pulse or trace, and the conjunction is 
closely associated with a_ reinforce- 
ment; ” 

2. Then: there is an increment to a 
tendency for that impulse or trace to 
evoke that effector activity. 


Modified Corollary ii 


3. If: A receptor impulse is closely 
associated with a reinforcement; * 


2 “Reinforcement” maintains the same mean- 
ing that Hull intended in this context, that is, 
a state of affairs in which there is a rapid 
diminution in the motivational stimulus Sp or 
Sa (primary reinforcement and secondary re- 
inforcement, respectively). However, it is not 
clear that Hull actually meant that there can 
be a rapid diminution in so. For instance, he 
says “Secondary reinforcement differs from 
primary reinforcement in that the former 
seems to be associated . . . with stimulation, 
whereas the latter seems to be associated with 
the cessation of stimulation, ie., of the Sp” 
(4, p. 97). 

3 This modification of the initial conditions 
of Corollary ii is meant to increase the gen- 
erality of the Corollary, for its concern is not 
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4. Then: there is an increment to a 
tendency for that impulse to acquire the 
power of acting as a reinforcement. 

To determine whether this deduction 
can be made, we need to symbolize the 
modified Postulate III and modified 
Corollary ii (hereafter referred to as 
III and ii) in the notation of a logical 
system; for this purpose the calculus of 
propositions is used. We need then only 
insert an implication sign between the 
symbolized versions of III and ii, and 
compute the truth values of the ensuing 
conditional. Once the truth test has 
been carried out we can conclude that 
the deduction is either valid or invalid 
in this calculus (e.g., cf. 8, pp. 38-39). 
Before continuing with this procedure 
let us note that Proposition (1) presum- 
ably includes all stimulus-afferent im- 
pulses; therefore it is understood to in- 
clude the receptor impulses referred to 
in Proposition 3; * hence we may write: 

5. Jf: An effector activity is closely 
associated with a stimulus-afferent im- 
pulse or trace, and the conjunction is 
closely associated with a reinforcement 
[Proposition 1]; Then: a receptor im- 
pulse is closely associated with a rein- 
forcement [Proposition 3]. 

To increase the possibility of the de- 
duction we may now substitute Propo- 
sition 1 for Proposition 3 in Corollary 
ii, and inserting an implication sign be- 





restricted to meutral receptor impulses. It 
should be emphasized that these changes are 
minor. But even so, certain questions about 
the statement of the principles may occur to 
the reader. For example, would the trace of 
a receptor impulse, when it is associated with 
reinforcement, acquire the power of acting as 
a reinforcement? Hull would undoubtedly 
answer yes, but the proposition doesn’t say 
so. What is the relationship between stimu- 
lus-afferent impulses and receptor impulses? 
We are assuming here that the class of re- 
ceptor impulses is either identical with the 
class of stimulus-afferent impulses, or suffi- 
ciently more narrow to be included in the 
latter. 
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tween III and ii, according to the above 
specified procedure, we may write: 

6. If: Proposition 1 implies Proposi- 
tion 2, Then: Proposition 1 implies 
Proposition 4. 

A truth-table test of Proposition 6, 
however, indicates that the deduction is 
invalid, ie., ii is not derivable from 
III. The reason for this appears to be 
that Proposition 4 is not contained in 
III. It would seem that there are two 
separate and distinct notions expressed 
in Propositions 2 and 4; first, through 
the conjunction of the afferent impulses 
or traces, effector activities, and rein- 


+A statement of Proposition 6 in the cal- 
culus of propositions is: (152) 5 (154). 
The truth-table test is presented below, in 
which 7 means “truth” and F means “false- 
hood.” 


Possible Truth Values 
of the Atomic 
Propositions 


Truth Values of the 
Molecular Proposi- 
tions 


(132) > (1>4) 


ta 
ee es 


The implication sign between the two sets 
of parentheses indicates the major operation. 
It can be seen that where the truth values of 
the atomic propositions are “true,” “true,” and 
“false,” respectively, the molecular proposition 
is “false.” Thus, Proposition 6 is a synthetic 
statement, and not a tautology as would be 
required for the deduction in question to be 
valid. The author has tried out various other 
ways of stating III and ii, eg., by further 
fractionating III, but the truth table tests al- 
ways led to the same result. 

It should be noted that Hull (5, p. 26) 
leaves open the possibility that certain other 
principles may be used for this deduction, 
though it is not apparent that any others are 
immediately relevant to the problem which 
we are dealing with. It is possible that Hull 
meant such things as the relevancy of Postu- 
late II, which states the relationship between 
stimuli and stimulus-afferent impulses. 
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forcement, the stimulus-afferent impulse 
or trace tends to evoke that effector ac- 
tivity; and second, through the conjunc- 
tion of the receptor impulse and rein- 
forcement, the receptor impulse tends 
to acquire the power of acting as a re- 
inforcement. 

It would appear that we have at least 
three courses of action. First, we might 
establish a further premise which relates 
Propositions 2 and 4. For example: 

7. If: Proposition 2, Then Proposi- 
tion 4. 


That is to- say, in effect, if a stimulus 
tends to evoke a response, then there is 
a tendency for that stimulus to act as 
a reinforcement. A truth-table test of 
Proposition 6 with the addition of 
Proposition 7 as a premise shows that 
ii is thereby deducible. Proposition 7 
is certainly testable, and Hull would 
undoubtedly accept it (4, pp. 85-89), 
but its hierarchial status is undeter- 
mined. Until it is known that Proposi- 
tion 7 is derivable from other principles 
of Hull’s system, it should be carried as 
an additional postulate with “second- 
ary reinforcement” as a primitive term, 
though this alternative suffers the dis- 
advantage that the principle is fairly 
limited in scope. 

Turning to the second, and the more 
parsimonious of the alternatives, we 
might restate III in a more general way, 
maintaining ii as a secondary principle. 
The most obvious solution is to general- 
ize III so that Proposition 4 is included 
in it, e.g.: 

If: An effector activity is closely as- 
sociated with a stimulus-afferent impulse 
or trace, and the conjunction is closely 
associated with a reinforcement; Then: 
there will result an increment to a tend- 
ency for that impulse or trace to evoke 
that effector activity and for that im- 
pulse or trace to acquire the power of 
acting as a reinforcement. 
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The third course would be to main- 
tain both ii and III as separate primary 
principles, with “secondary reinforce- 
ment” as a separate primitive term. If 
we do so, we can take advantage of the 
relationship expressed in Proposition 5 
as follows: 


If Proposition 1, Then Propo- 
sition 2 

If Proposition 1, Then Propo- 
sition 3 

If Proposition 3, Then Propo- 
sition 4 

therefore /f Proposition 1, Then Propo- 

sition 4° 


but 5. 





We may, therefore, write: 

8. If Proposition 1, Then Proposition 
2; If Proposition 1, Then Proposition 4. 

Which may be more succinctly writ- 
ten: 


9. If Proposition 1, Then Proposi- 
tions 2 and 4.° 

Whichever of the three courses of ac- 
tion is pursued, a general conclusion 
can be reached which is expressed in 
Proposition 9; that is, that the stimulus- 
afferent impulse or trace referred to in 
III should acquire two powers: first of 
evoking the effector activity referred to 
in III, and second of acting as a rein- 
forcement, though it should be remem- 
bered that in the third possibility it was 
necessary to use ii as a separate prin- 
ciple to derive these consequences. 

An empirical test of Proposition 9 
might take the form of an experiment 
conducted by Dinsmoor (2) in which 
he associated a stimulus (e.g., a light of 
short duration) with the bar-pressing 
response in a Skinner box. He then ex- 
tinguished his rats under conditions that 
presumably allowed him to assess the 
functions of the stimulus as either a 
discriminative stimulus or as a reinforc- 


5 By the chain rule of inference (9, pp. 73- 
74). 

® By 6e, “merging of implications” (9, p. 
39). 
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Dinsmoor found that the 


ing stimulus. 
stimulus acquired both discriminative 
and reinforcing functions to about the 
same degree, and concluded that it is 
not necessary to distinguish between 
them other than in the operations that 


produce them. If we could regard the 
discriminative function of the stimulus 
as also an evoking function, then Dins- 
moor’s experiment would satisfy the 
conditions of Proposition 9, and the 
stimulus (afferent impulse or trace) 
could be tested as both an evoker of 
the bar-pressing response and as a re- 
inforcer of that response. Skinner (10, 
p. 41) points out, however, that a dis- 
criminative stimulus is quite different 
from an eliciting (presumably evoking) 
stimulus, so that it would be necessary 
to modify Dinsmoor’s design by elimi- 
nating the establishment of the stimulus 
as a discriminative stimulus and simply 
to associate the stimulus with the re- 
sponse (and with reinforcement) as 
specified by Hull’s principles. But a 
serious methodological problem in con- 
ducting such an experiment should be 
mentioned. That is the problem of 
operationally distinguishing the evoking 
from the reinforcing powers of the 
stimulus-afferent impulse or trace. It 
may be that such a separation is im- 
possible to make behaviorally with our 
existing techniques. The difficulty in 
making the very similar distinction be- 
tween a discriminative stimulus and a 
reinforcing stimulus has been discussed 
by Dinsmoor (2) and by Keller and 
Schoenfeld (7, pp. 236-239). 

Since Proposition 9 is unlimited in 
scope, it presumably means that all 
stimulus-afferent impulses or traces ac- 
quire the power of acting as a reinforce- 
ment and of evoking all the effector ac- 
tivities with which they are associated. 
One particularly interesting consequence 
of Proposition 9 would thus be that any 
given stimulus-afferent impulse or trace 
should, in addition to evoking the ef- 
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fector activity with which it was asso- 
ciated, reinforce that same effector ac- 
tivity (a sort of “reverberating circuit” 
affair). An empirical test of this con- 
sequence might also be made with an 
appropriate modification of Dinsmoor’s 
design, though it is necessary here also 
to deal with the methodological prob- 
lem cited above. 


SUMMARY 


In order to accomplish Hull’s goal of 
developing a “strict” system for the 
field which he covers, it is necessary to 
distinguish, first, between his primary 
and derived principles, and second, be- 
tween his primary and derived terms. 
As a preliminary step the relation be- 
tween Hull’s principles of primary and 
secondary reinforcement was _ investi- 
gated. It was determined that the lat- 
ter is not deducible from the former. 
Three possible courses of action were 
presented: first, to add an additional 
premise, in which case his principle of 
secondary reinforcement is deducible; 
second, to generalize his principle of 
primary reinforcement so that his prin- 
ciple of secondary reinforcement is in- 
cluded in it; or third, to return to his 
position of 1943 and maintain both 
principles as primary ones (Postulates). 
Whichever course is adopted, one gen- 
eral conclusion can be reached: If the 
antecedent conditions of his principle 
of primary reinforcement are satisfied, 
a stimulus-afferent impulse or trace will 
acquire two distinct powers—of evoking 
an effector activity and of acting as a 
reinforcement. The empirical testing of 
this conclusion was discussed. 
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AN EXAMINATION OF ONE ASPECT OF THE THESIS 
THAT PERCEIVING IS LEARNED 


NICHOLAS PASTORE 
Queens College 


The question of the role of empirical 
determinants in perceptual processes has 
formed the historical proving ground for 
contending psychological theories (4). 
On the one hand we have Berkeley’s 
theory with its exclusive emphasis on 
experience (3), and on the other we 
have Gestalttheorie with its minimiza- 
tion of experience (13). That not all 
basic issues have been resolved success- 
fully is evident in the current trend that 
perceiving is the outcome of a learning 
process. We shall cite some examples 
from the literature which will serve the 
double purpose of illustrating current 
tendencies and the special meaning that 
we shall later attach to the empiristic 
thesis. 

Miller and Dollard write that percep- 
tion probably follows “the same laws of 
learning as do other responses, even 
though the responses producing these 
cues may possibly occur within the or- 
ganizing centers of the brain” (14, p. 
73, footnote). Hull has expressed him- 
self along similar lines (9). Hastorf 
and Knutson write: “There is growing 
evidence that we learn to perceive, and 
that perception, like learning, is pur- 
posive” (8, p. 88). Peterson suggests 
that perceptions are “learned reactions, 
acquired by the usual methods of ‘trial 
and error’ learning” (18, p. 3). Snyder 
and Pronko write: “Our hunch is that 
some day psychologists will say that we 
learn ‘to see’ just as we learn to play 
hop-scotch, or poker, or read and 
write Arabic or English” (23, p. 111). 
Murphy writes that perceptual organi- 
zation is “very largely the result of your 
lifetime experience in interpreting the 
impressions from your sense organs” 


(15, p. 144). In line with his “prob- 
abilistic functionalism,” Brunswik writes 
of the “vicissitudes of probabilistic re- 
constitution of the object world” (5, p. 
71). 

Although cognition is sometimes used 
interchangeably or connected with per- 
ception (2, 16), it is clear from the con- 
texts of the cited statements that those 
aspects of perception which involve 
shape, size, and depth are intended. 
We shall exclude from consideration 
that aspect of perception which encom- 
passes cognitive processes. Without at- 
tempting a definition of the term per- 
ception, it is clear that perceiving oscil- 
latory movement in a continuously ro- 
tating trapezoidal figure is different in 
character from cognizing the meaning 
of a word. In the former, we might be 
dealing with a process which is stimu- 
lus bound, whereas in the latter, experi- 
ential factors certainly play a decisive 
role. 

How shall we understand the con- 
tents of the quoted statements which 
reflect the empiristic tradition? The 
purpose of this paper is to define and 
evaluate an answer to this question. 


EmpPIRisTic MEANINGS 


Three of the several meanings which 
can be attached to the empiristic view 
of perception are as follows. 

1. The structured cortical processes 
underlying perceptions, although autoch- 
thonously determined, require visual 
stimulation for their emergence or de- 
velopment. The requisite stimulation 
is here conceived in a maturational 
sense: it provides the opportunity for 
the growth of neural processes without 
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changing or altering their direction. 
For example, Riesen’s experiments (19, 
20) suggest that visual stimulation is 
necessary for the proper development 
of retinal (and other) structures in- 
volved in perception; apparently the 
perceptions of his experimental animals, 
when they evolved, were not different 
from those of the control animals. 

2. The second meaning is the same 
as the first except for the affirmation of 
the possibility of changing the struc- 
tures themselves as a result of experi- 
ence. Gibson expresses this meaning 
when he describes and rejects the fol- 
lowing view: 


The formula being tested—that the percep- 
tion of space is unlearned, meaningless, and 
acquires its meaning in the course of ex- 
perience—makes an additional simplification 
which is far from perfect. It supposes that 
when a certain shape, let us say, gains a new 
meaning, the shape remains just what it was 
before. The texture, slant, color, contour, and 
other constituents of a thing are supposed to 
be unaltered by the gain in meaning. It may 
be apprehended differently but it is sensed 
the same as before, to use older terminology 
(7, p. 208). 


Gibson then proceeds to cite various 
experiments which he interprets as sup- 
porting the view that “Color, size, form, 
sequence, and still other qualities of 
perception may unquestionably be af- 
fected by the past experience and atti- 
tudes of the observer” (7, p. 210). 

Meanings 1 and 2 assume that the 
direction of perceptual processes is, at 
first, determined by intrinsic character- 
istics of the nervous system. Meaning 
2 differs from meaning 1 in that it al- 
lows for a change in the cortical struc- 
tures (and the corresponding percep- 
tions) themselves. In order to illustrate 
this difference, we suppose that a distal 
elliptical stimulus is presented in the 
frontal plane to an individual; more- 
over, we suppose that the individual al- 
ready has had whatever requisite stimu- 
lation is necessary to enable neural 
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structures to develop. According to 
both meanings, such an individual per- 
ceives a specific form, perhaps that of 
an ellipse, a perception which is de- 
termined by autochthonous factors. 
Whereas in meaning 1 the individual 
can only perceive an ellipse, in mean- 
ing 2 the perception can be altered so 
that, with experience, the individual 
perceives a circle. 

3. From contemporary discussions, it 
is quite apparent that still another 
meaning is intended by some of those 
who accept the empiristic approach. 
Prior to the advent of some learning 
process, a given stimulus situation 
evokes a variable perceptual process; 
as a result of learning, the given stimu- 
lus situation comes to evoke a specific 
perceptual process only. The view that 
the laws of behavior (those pertaining 
to the selection of an adaptive motoric 
response in trial-and-error learning) ap- 
ply to “learning to perceive” lends sup- 
port to the third meaning. Thus, ac- 
cording to this view, perceiving (which 
is regarded as a form of “response’’) is 
initially contingent or fortuitous in re- 
lation to a stimulus in the same way as 
a motoric sequence. Those who follow 
the “transactional approach” to percep- 
tion postulate initial perceptual vari- 
ability. For example, it is claimed that 
we must learn to see rectangularity even 
though the distal stimulus itself is rec- 
tangular,’ since the typical retinal dis- 
tribution of the stimulus is nonrectan- 
gular (1, p. 14). Acquaintanceship 
with the distal stimulus (through “ac- 
tion”) leads to a perception which is in 
accordance with its actual character- 
istics. Presumably, before learning, the 
perceiver may see any one of an infinity 
of quadrilaterals which correspond to 
the infinity of external configurations to 
which a given retinal distribution is re- 
lated (11, p. 3); after learning, the per- 


1We are assuming that the distal stimulus 
is not perpendicular to the visual axis. 
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ceiver sees a rectangle only. Finally, 
the notion that spatial perception is 
learned also assumes initial variability 
of seen depth (or, sometimes, of its 
nonexistence). In stating one meaning 
that can be attached to this view Gib- 
son writes: 


We know that the infant and young child 
ceaselessly explores his environment as his vi- 
sion develops. Is it not likely that his visual 
impressions get their solidity and depth from 
their association with these movements? This 
is the argument for a motor theory of per- 
ception (7, p. 223).? 


Presumably, either lack of motor ex- 
perience or differently executed motor 
movements will lead to either a lack of 
or a variable perceived depth. 

The present discussion will be con- 
fined to the third meaning that can be 
assigned to the proposition that perceiv- 
ing is learned. Our thesis is that such 
a proposition must be rejected in view 
of the fact that an organism can learn 
various adaptive motor responses in re- 
lation to some stimulus situation. We 
shall assume, throughout, that an or- 
ganism can learn only if a motor se- 
quence is consistently reinforced in re- 
lation to some given aspect of the stimu- 
lus situation. 


INITIAL VARIABILITY 


What do we mean by an initially 
variable perceptual process? One an- 
swer is that the perceptual process issu- 
ing from the impact of some stimulus 
situation on the retina is random. Thus, 
on a phenomenal level, which we adopt 
for expository purposes, this would 
mean that a circular stimulus can elicit 
the perceptions of ellipses of varying 
degrees of eccentricities, rectangles, or 
any other geometrical form for that 
matter. Since no limits have been set 
to the central process, a circular stimu- 
lus may even elicit the perception of a 
cube. A similar example can be stated 


2 Gibson does not accept a positive answer. 
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for depth perception. For instance, an 
object which is actually ten feet away 
from a subject can elicit a variety of 
depth perceptions, ranging from zero 
feet to some indefinitely large distance. 
Since this particular answer probably 
will be rejected on intuitive grounds, 
another and more realistic one will be 
stated, namely, that the perceptual 
processes elicited by a given stimulus 
are variable within a given range.’ 
Whatever form the perceptual process 
may have, it must be in accordance 
with the pattern of retinal stimulation. 
Thus, in a preceding example, a circu- 
lar stimulus can only elicit perceptions 
of ellipses of varying eccentricities, and 
not perceptions of other geometrical 
forms.* Insofar as depth perception 
is concerned, however, the restrictive 
stipulation does not apply, since this 
would imply that objects in space in- 
trinsically elicit appropriate depth per- 
ceptions. 

In the foregoing we have essentially 
stated that the relationship between a 
given stimulus and the evoked percep- 
tion is initially a fortuitous one; in or- 
der to enable our analysis to proceed, 
we assume a similar relationship be- 
tween a given perceptual process and 
the elicited motor response.° We can 
clarify the latter assumption by consid- 
ering a typical discrimination learning 
experiment from the point of view of 
the experimenter. A _ fixed stimulus 
situation—of which a certain aspect 


3If our argument is valid when the restric- 
tive stipulation is applied to meaning 3, it 
will certainly be valid when the restriction is 
removed. 

*We note, in passing, that the effect of the 
restriction is to endow the nervous system 
with the capacity to respond in a character- 
istic manner to presented stimuli, a capacity 
which is not learned. 

5A further justification for introducing a 
statement about the motoric system lies in 
the prevailing attitude that perceptions are 
learned through the organism’s motor con- 
tacts with the environment. 
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may be denoted as positive, in that it 
leads to reward and the remaining as- 
pect negative—is presented in a series 
of consecutive trials. The experimenter 
observes the change that occurs in the 
organism’s response to the stimulus 
situation—a change that proceeds from 
diffuseness of response to the total 
stimulus situation to one of specificity 
to the positive aspect of the stimulus 
situation. Between the reception of the 
stimulus situation on the retina and the 
response, as noted by the experimenter, 
there are intervening processes which 
are not accessible to observation. One 
of these processes is perceptual, one 
which we have assumed to be variable. 
Moreover, for point of emphasis, we 
have also assumed that there is a vari- 
able relationship between an evoked 
perceptual process and the ensuing mo- 
tor response. That is to say, a given 
perception may lead to any one of a 
number of motor responses. Of course, 
one could have assumed a unique rela- 
tionship between perceptual processes 
and motor responses; the effect of this 
assumption, however, is to assert an in- 
trinsic invariant relationship which an 
empirist might very well deny. In any 
case, whatever the attitude that can be 
taken toward this issue, the postulation 
of an intrinsic invariant relationship will 
not radically change our analysis of the 
thesis under consideration. However, 
we shall not examine the implications 
of such a postulation. 


THe ARGUMENT AGAINST PERCEIVING 
AS LEARNED 


We reject the proposition that per- 
ceiving is learned (in the sense of 
meaning 3) because, otherwise, the or- 
ganism could never learn an adaptive 
response in relation to some visual 
situation. Two reasons can be offered 
for rejection. (a) In relation to a 
fixed visual situation, different percep- 
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tual processes (whether correct® or 
not) can elicit the consummatory re- 
sponse. (6) In relation to a fixed 
visual situation, the same perceptual 
process can elicit both consummatory 
and nonconsummatory motor responses. 
The implication of the foregoing rea- 
sons is that reinforcement of a motor 
response is not consistently related to 


. the ultimately specific and correct per- 


ceptual process. The fact that the or- 
ganism can and does learn consumma- 
tory responses invalidates that version 
of the empiristic view which was de- 
fined in accordance with meaning 3, 
since such learning is precluded.’ We 
shall state our argument in an alterna- 
tive way. 

Let us define the set of perceptions 
which can ensue in relation to a fixed 
stimulus as P(p,*, pe,...pn) and the 
set of motor responses which ensue 
from each one of the perceptions as 
M(m;, mo*,...m,). The starred ele- 
ments of P and M, respectively, denote 
the correct perception and consumma- 
tory response. Then, according to our 
exposition, any element of P can be 
linked to any element of M; of the nk 


® By a “correct” perception we mean that 
perception which, after learning, prevails in 
relation to some stimulus. Returning to the 
example in which it was supposed that the 
perception of rectangularity (in relation to a 
distal rectangular stimulus) is learned, the 
perceiver may, initially, perceive any one of 
an infinity of quadrilaterals. After learning 
has been presumed to have occurred, the per- 
ceiver sees a specific kind of quadrilateral 
only, namely, a rectangle. For purposes of 
convenience, we label such a perception as 
ultimately comes to prevail as “correct,” and 
all other perceptions as “incorrect.” 

7 Our argument can be illustrated by con- 
sidering an individual who must fit the vari- 
ous parts of a jigsaw puzzle. It would be 


impossible for the individual to execute the 
task if, in his perception, the contours of the 
patrices and the matrices underwent continu- 
ous and irregular transformations. Of course, 
the difficulty would be increased if the vari- 
ous parts also changed irregularly in seen 
depth. 





PERCEIVING AS LEARNED: AN EXAMINATION 


possible linkages only one, p;*m2*, is 
correct and consummatory. In general, 
there are two types of linkages. In the 
first type, which illustrates a above, any 
element of P can be linked to mg*. In 
the second type, which illustrates 6 
above, pi* can be linked to any ele- 
ment of M. In effect, then, a stable 
Pi*m2* linkage cannot be formed. 

We shall illustrate our discussion by 
two examples, one applying to form and 
one to depth perception. 

Form perception. We have already 
mentioned that those who follow the 
“transactional approach” contend that 
the basic features of perception are 
learned. Among these basic features 
form perception is included. Thus, the 
contention that exposure to a “distorted 
room” from a certain point leads to 
a perception of a “normal-appearing 
room”’ by virtue of past experience can 
be subsumed under meaning 3. To sim- 
plify the discussion we shall consider a 
distal rectangular stimulus which is ori- 
ented in space so as to produce a tra- 
peziform projection on the retina. More- 
over, we consider an hypothetical indi- 
vidual who, in his first perception of 
the environment, is confronted with the 
rectangular stimulus. Such an _ indi- 
vidual, according to the transactional 
approach can have any one of an “in- 
finity” of perceptions—the class of per- 
ceptions corresponding to the class of 
external configurations which can pro- 
duce the given retinal distribution. Con- 
sider the way in which “action” can 
contribute to the formation of a percep- 
tion of a rectangle. Suppose that our 
hypothetical individual is confronted 
with the tilted rectangular stimulus in 
a number of trials. Throughout this 
series of trials he will have random per- 
ceptions of the stimulus. In relation to 
each one of these perceptions the indi- 
vidual attempts to establish physical 
contact with the stimulus; those ac- 
tions which lead to successful probing 
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of the stimulus will then have a back- 
ward and reinforcing influence on the 
preceding perception. The “reinforced 
perception,” of course, must be that of 
a rectangle, since this is the perception 
that ultimately will prevail. But, ac- 
cording to our analysis, a successful or 
an unsuccessful action can be matched 
with the perception of either a rectangle 
or a nonrectangular figure. Thus, on 
the basis of action alone no distinctive 
and uniform perception can emerge. It 
is possible that the individual can learn 
the appropriate probing movements 
(without, however, a distinctive emerg- 
ing) since the same stimulus is pre- 
sented in a series of trials. However, 
realistically, the individual may be con- 
fronted with other stimuli in the given 
series of trials; the stimuli are confined 
to those that produce the same retinal 
distribution. Thus, in line with the 
“reality” of the situation, in a first trial 
a particular rectangle is presented, on 
the next trial a larger rectangle is pre- 
sented, and so on. It should be noted 
that as different rectangles are pre- 
sented other changes must be made— 
changes involving distance of the rec- 
tangle from the subject and the angle 
of the rectangle with the visual axis. 
Consequently, in the reality situation, 
the individual could not even learn ap- 
propriate probing movements for any 
rectangle.® 

Depth perception. Historically speak- 
ing, the notion that depth perception is 
learned was often stated in vague terms 
by its propounders (12, Ch. XX). The 
vagueness itself might have been partly 
responsible for the controversial status 


8 The writer realizes that the “transactional 
approach” has a wider scope than indicated 
here (for further comment, see 17). More- 
over, it should be observed that the postula- 
tion of an infinity of possible perceptions 
throughout this discussion implies that the 
probability of occurrence of a particular per- 
ception is zero. In using the word “infinity” 


we follow the phrasing of the transactionalists. 
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of the notion. For example, the ques- 
tion of whether the phenomenal appear- 
ance of the spatially extended world 
was the outcome of a learning process, 
and the further question of whether 
different sequences of learning processes 
would lead to altered phenomenal ap- 
pearances, do not seem to have been 
raised. Thus, in Berkeley’s classical 
treatment of the problem (3) it is clear 
that although these questions were basic 
to his analysis, they were not explicitly 
phrased. In view of this ambiguity we 
feel entitled to define the notion under 
consideration in accordance with mean- 
ing 3. We shall illustrate this meaning 
and the argument of this paper in the 
next example. 

The gibbon is a highly arboreal ani- 
mal which can brachiate so rapidly 
through trees as to give the impression 
of running. Moreover, it is reported 
that this animal can span distances be- 
tween tree limbs of up to 40 or 50 feet 
(6). Certainly there must be an oc- 
casion in the life of the gibbon when it 
must span a given distance for the first 
time; let us suppose that this given dis- 
tance is 40 feet. In relation to this 
distance the gibbon must learn at least 
two things: the correct appreciation of 
distance and the correct application of 
a jump-force.®° This example now paral- 
lels the situation described at the be- 
ginning of this section. Let us suppose 
that the gibbon is confronted with the 
same 40-foot distance in a series of 
trials. On the first trial, it “sees” the 
limb at a distance of 30 feet and then 
jumps; its jump carries it 50 feet. On 
the next trial, it “sees” the limb at a 
distance of 40 feet, but its jump car- 
ries it 30 feet. On the succeeding trial, 
the gibbon sees the limb at a distance 
of 20 feet and its jump successfully car- 


9 It is to be observed ‘hat in discussing the 
role of learning in depth perception, it is 
necessary to assume that form perception is 
already present. 
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ries it to the limb, and so on. Obvi- 
ously, in such a situation the gibbon 
could never learn to match a perceived 
40-foot distance to a 40-foot jump. 
Or, more generally, it could never learn 
both the proper perception of distance 
and the proper application of force. 
Since we know that the gibbon success- 
fully negotiates various distanced limbs, 
we must reject the underlying supposi- 
tion that depth perception is learned. 
Our argument readily applies to other 
situations and to other animals. More- 
over, we note that, for the gibbon, fail- 
ure to span the 40-foot distance cor- 
rectly the first time involves the risk of 
grave injury. Such a gibbon will not 
have much opportunity for learning 
through experience. 

It can be contended that the distance 
of 40 feet is not actually new in the 
sense that the gibbon, having learned 
to perceive shorter distances, is able to 
transfer its depth response to the long 
distance.° To the writer this argu- 
ment begs the question, since the ca- 
pacity of the gibbon to so respond lies 
outside of learning. 

The foregoing example suggests an 
evolutionary argument against the ap- 
plication of meaning 3 to perceptual 
learning;‘ to ensure the biological sur- 
vival of the organism it would be ad- 
vantageous to have perceptual processes 
already pre-established in those situa- 
tions of importance to the organism. 
Of course, on the human level, the 
situation may be different in kind from 
the one discussed here. 


Two Issues SPECIFIED 


Two issues, implicit in the discussion 
up to this point, will be delineated. 

1. It was assumed, in the examples 
that were presented, that the organism 


10Qur argument holds for any distance; 
however, with short distances, we probably 
cannot adduce the argument of injury to the 
animal. 
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is confronted by a fixed stimulus situa- 
tion in a series of trials. Actually, in 
the organism’s behavior in its environ- 
ment, shifting, nonrepetitive stimulus 
situations prevail. In the last example, 
the physical relationships between gib- 
bon and limb are variable as the gibbon 
locomotes; the distances, thicknesses, 
orientations in space, and angles of 
elevation of limbs do not remain con- 
stant. Moreover, background cues are 
most likely different from one limb to 
another. Consequently, stimulus vari- 
ability increases the complexity of the 
organism’s task in achieving perceptual 
learning. 

2. For purposes of exposition, it was 
assumed that reinforcement and nonre- 
inforcement facilitate or inhibit the re- 
currence of the corresponding percep- 
tual processes. Thus, in the “distorted 
room” example, a single perception, that 
of a “normal-appearing” room, prevails 
in the given situation; other perceptions 
are either inhibited or replaced by the 
single perception of a “normal-appear- 
ing” room. The facts of learning, how- 
ever, seem to be opposed to such an 
assumption. 

In discrimination learning the organ- 
ism can be trained to respond positively 
to one stimulus and negatively to an- 
other. Suppose that the two associated 
perceptual processes, corresponding to 
the positivity and negativity of the two 
stimuli, are either facilitated or in- 
hibited. If the negative stimulus fails 
to elicit its corresponding perceptual 
process in the actual training situation 
then it should also fail to elicit the 
given process when it is presented as 
part of a stimulus compound. This im- 
plication is not in line with the evi- 
dence. Consider, for example, Wood- 
bury’s experiment in which a dog was 
conditioned to respond in a negative 
fashion to two stimuli when presented 
singly and positively to the same two 
stimuli when presented simultaneously 
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(24). This result shows that the per- 
ceptual processes associated with the 
two negative stimuli could not have un- 
dergone inhibition as a consequence of 
nonreinforcement because the stimuli 
become positive when presented to- 
gether. Afferent neural interaction, 
which is postulated by Hull to explain 
Woodbury’s results (10, pp. 368 ff.), 
does not change the foregoing analysis, 
since before the afferent neural proc- 
esses can interact they must be first 
elicited by their respective stimuli. An 
implication that can be drawn from this 
discussion is that facilitation or inhibi- 
tion occurs on the motor response side, 


, not on the perceptual side. 


At least one phase of the present dis- 
cussion can be checked empirically. It 
has been reported that a figure-ground 
relationship can be altered by a system 
of rewards and punishments (22). In 
their experiment, Schafer and Murphy 
presented a pair of profiles individually 
and tachistoscopically to subjects; one 
of the pair was rewarded and the other 
punished. When both profiles were 
combined, thus forming a single and 
more inclusive figure, it is reported that 
the rewarded profile was more fre- 
quently seen than the punished profile. 
Although the empirical result itself has 
been questioned (16, 21), the interpre- 
tation proposed by Schafer and Murphy 
implies that the perceptual process as- 
sociated with the negative profile under- 
goes inhibition. If this is actually the 
case, then it should be evident during 
the training period; that is to say, sub- 
jects should report increasing difficulty 
in seeing the negative profile. 


SUMMARY 


Of the three of several possible mean- 
ings that could be ascribed to an em- 
piristic approach to perception, the one 
which involves an initially random per- 
ceptual process in relation to a given 
stimulus was selected for intensive 
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analysis. In order to enable the analy- 
sis to move forward, an initial fortuitous 
relationship was assumed between a per- 
ceptual process and the ensuing motor 
response. In general, the plan of the 
argument was to demonstrate that the 
assumptions of initial perceptual and 
motor random processes were incom- 
patible with the fact of learned adaptive 
behaviors. The main effect of the argu- 
ment, if valid, is to restrict further dis- 
cussion of the thesis that “perceiving is 
learned” to the other meanings pre- 
sented, or to some other meaning com- 
patible with these two. 
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Recent articles dealing with percep- 
tion have introduced enough bewilder- 
ment to raise some question as to what 
behavioral phenomena are covered by 
the concept. If the various kinds of 
experimental procedures which are sub- 
sumed under the label are comparable, 
then the present divergence in defining 
perception could be avoided by a clear 
statement of criteria which define per- 
ceptual responding. On the other hand, 
if different operations and processes are 
described by the same term, then the 
danger of equivocation calls for a cate- 
gorization of these studies in a clearer 
and theoretically more useful manner. 

The perceptual process is a complex 
one. A broad definition would describe 
it as a behavioral sequence which is 
based on the contact of an organism 
with environmental objects and ener- 
gies, and modified by the organism’s 
history and its biological state at the 
moment of such contact. The major 
distinguishing characteristics of such a 
definition would be threefold: (a) A 
source of external stimulation is pres- 
ent; (&) the organism can make a dis- 
criminatory response to such stimula- 
tion, the nature of which is determined 


1This paper was originated in conjunction 
with the author’s investigation on verbal be- 
havior which is supported in part by research 
grant M-963 from the National Institute of 
Mental Health of the National Institutes of 
Health, Public Health Service. Portions of 
this paper were read at the March 1956 meet- 
ings of the Southern Society for Philosophy 
and Psychology. 

2 The author wishes to express his apprecia- 
tion to C. E. Sherrick for his helpful sugges- 
tions during the development of this paper 
and his critical reading of the manuscript. 


by its present biological make-up and 
earlier conditioning; (c) the final re- 
sponse in the sequence brings the or- 
ganism into a different and often more 
adequate adjustment with respect to the 
recent change in the environment as it 
was discriminated. 

It is the thesis of this paper that the 
wide variety of definitions and studies 
in perception is due not only to differ- 
ential stress on various variables which 
operate at the same time, but also to 
differential interest in earlier or later 
responses in this sequence. Of two sepa- 
rate areas of research to which the term 
perception has been applied, it can be 
said that one has focused mainly on 
those responses that are correlated with 
external stimulation which E manipu- 
lates. The other has dealt with the 
consequences of these responses, i.e., 
with the behavior which is contingent 
upon the occurrence of some differen- 
tial response to environmental stimula- 
tion. 

The purpose of this paper is to sug- 
gest an S-R schema for description of 
perceptual processes which would allow 
the ordering of at least two classes of 
experiments on the basis of E’s focus 
and the extent of the contributions of 
each of the variables which are known 
to affect the behavioral sequence called 
perception. Such a schema may also 
help to reduce occasions in which we 
have differentiated as separate phe- 
nomena behaviors which can be better 
viewed as controlled by different quan- 
titative contributions of various vari- 
ables. Moreover, it is hoped that such 
analysis might be profitable in specify- 
ing research on the basic processes in- 
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volved in perception, and facilitate the 
integration of this area with other areas 
of psychology. 

In dealing with perception, many in- 
vestigators have been concerned with 
the behavior of the subject, which con- 
sists of a differential response to some 
complex properties of a pattern of sen- 
sory input, and which appears highly 
correlated with some dimension of the 
input. Such discriminatory responses 
have variously been discussed as sen- 
sory discrimination (17), identifying or 
naming responses (12), and recogni- 
tion (1), or abstraction (22), and, in 
some experiments, as psychophysical re- 
sponses. A second group of studies has 


dealt with the behavior of the subject 
during performance of an instrumental 
response under varying stimulus condi- 
tions which are usually under some 
measure of control by the experimenter. 
The inference is then made that the 
change in the pattern of sensory input 


acts as a discriminative stimulus, occa- 
sioning the instrumental response. In 
these studies there has been consider- 
able discussion about the fact that fre- 
quently one fails to obtain a one-to-one 
correspondence between variations in 
the stimulus conditions and the ob- 
served responses. 

Studies in this second class of experi- 
ments are exemplified by procedures in 
which E provides a connection between 
a discriminatory response and a subse- 
quent motor response, often by means 
of verbal mediation. For example, E 
may instruct S: “When the second tone 
is louder than the first, press the key.” 
Hence the instructions dictate the fol- 
lowing sequence of events: (a) Two 
tones are given; (5) S’s discriminatory 
response to the tone occurs. In hu- 
mans with verbal instructions, this dif- 
ferential response is likely to be a 
verbal one, i.e., “This tone is louder 
than the other.” (c) Dependent on b 
above, S will then press the key, thus 
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carrying out the motor response which 
is the dependent variable for E, or not 
press the key. The final observed be- 
havior is a response which is contingent 
upon a certain differential response and 
triggered by it. 

This contingency can best be demon- 
strated by first varying the strength 
of the verbal discriminatory response 
through pretraining in the absence of 
the instrumental response (the key- 
press). When the motor response is 
later introduced, it should differ as a 
function of the training. Proshansky 
and Murphy (19) demonstrated the ef- 
fect of training such differential re- 
sponses, in the absence of any overt 
measurable response, on the estimates 
of length of lines, and of weights. 

Schematically similar, though vastly 
more complex, is the perceptual activity 
with which the clinical psychologist 
deals. In one projective technique, for 
example, S is instructed to tell a story 
about a picture. The clinician, from 
the story, then makes inferences about 
the differential responses which S may 
have made to various dimensions in the 
picture. He notes the events and char- 
acteristics of the stimulus picture to 
which S$ has reacted in the face of a 
large number of alternatives. He then 
assumes that S is most likely to react 
to many situations which may be simi- 
lar to the present one in only one of its 
numerous dimensions, in much the same 
fashion. For example, “domination by 
the male” is judged to be the theme of 
a story given to a picture of a man and 
a woman. The clinician may infer that 
S perceives males as dominant in most 
situations which share only a few com- 
mon elements with the given picture. 
The inference rests on the assumption 
that E has correctly chosen the vari- 
ables which control S’s differential re- 
sponse to the picture from the story 
which he obtained. 

As a device for ordering the experi- 
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mental variables which may control per- 
ceptual behavior, the two classes of re- 
search mentioned above can be sche- 
matized as follows (Fig. 1). 

1. The first phase can be considered 
as a response to some change in the pat- 
tern of stimulation which impinges on 
the organism. This response is clearly 
not correlated with all dimensions of 
the sensory input. It is determined by 
(a) previous experience with similar 
physical dimensional patterns, (5) the 
limits of the organism’s total capacities 
for responding at the given time and 
the limits of its receptors, and (c) the 
events antecedent to the present stimu- 
lation. Evidence of the contribution of 
each of these factors comes separately 
from experimentation in which the ef- 
fect of the other variables has been 
minimized, although little is known of 
the relative importance of each in a 
complex situation. Studies on set and 
attention support the relevancy of ante- 
cedent conditions on the differential re- 
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sponse. Studies on discrimination show 
that learning modifies the differential 
response, and comparative psychology 
offers evidence as to the limitations on 
discrimination, imposed by biological 
factors. If the effects of the variables 
under a, 5, and c above are minimized, 
then the differential response should be 
contingent mainly upon the sensory in- 
put, and correlated with all or part of 
it. The mode of response, as indicated 
in Fig. 1, may be verbal, motor, au- 
tonomic, or a combination of these. In 
each case, however, it is a response spe- 
cific to a complex stimulus pattern or 
part of it. Following Gibson and Gib- 
son (12), this response will here be 
called an identifying response, and its 
occurrence will be observed as a func- 
tion of any or all of the above vari- 
ables. Under some conditions several 
conflicting classes of identifying re- 
sponses may be available for the same 
stimulus complex. Under such condi- 
tions the specific variables under a, 5, 
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and c, above, such as drive state, previ- 
ous reinforcement, generalization, etc., 
will determine the final response. 

In some experiments the first phase is 
terminated by an overt identifying re- 
sponse, and its measurement constitutes 
the data of the study. In most studies, 
however, a second phase of the percep- 
tual process can be discerned. 

2. The identifying response serves as 
a stimulus for a series of other re- 
sponses, motor or autonomic, which 
have been conditioned to it by past 
experience. These responses may be 
designated as instrumental responses. 
They have generally been described as 
perceptual responses which play a ma- 
jor role in bringing the organism to a 
new adjustment with respect to the re- 
cent change in the environment, as the 
organism has identified it in phase 1. 
The identifying response thus precedes 
and determines the activity which re- 
lates the organism to its environment. 
The subsequent instrumental responses, 
however, are no longer highly correlated 
with the properties of the external 
stimulus, and will tend to occur only as 
long as identifying responses or other 
discriminative stimuli produced by them 
set the occasion for them. Therefore, 
a change in the presented stimuli or 
their removal may not interrupt the S’s 
activity; only termination of the identi- 
fying response or a new identifying re- 
sponse will effect a change in behavior. 
In most behavior the instrumental re- 
sponse somewhat modifies the relation 
of the organism to its environment. 
Therefore the organism is now exposed 
to a slightly different pattern of stimu- 
lation, and the cycle is repeated. In 
addition, if verbal behavior is also in- 
volved, the instrumental response itself 
may serve as a stimulus for a host of 
other verbal and motor responses, fur- 
ther altering the conditions for the next 
identifying response. 
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DISCRIMINATION AND THE Two PHASES 
OF PERCEPTION 


The proposed schema for conceptual- 
izing perceptual activity has been de- 
scribed in Fig. 1. We will now ex- 
amine briefly the relationship between 
differential responding and the two 
phases of perception discussed above. 
Possibly the simplest type of situation 
which involves the differential response 
is one in which an organism is exposed 
to a stimulus object, and allowed to re- 
spond differentially to the pattern of 
energies received at any moment by its 
receptors, with whatever response is 
available. In the absence of controlled 
reinforcement, certain “characteristic” 
responses may then be observed when- 
ever the object is presented. In addi- 
tion to the stimulus object, however, 
several other factors also affect the 
probability of occurrence of any one 
response. If we apply here the notion 
suggested by Estes (9) and regard the 
stimulus object as a population of ele- 
ments, only a sample of which is actu- 
ally received by the organism on any 
one trial, then the identifying response 
may come under control of any one of 
the numerous stimulus dimensions on 
the first trial. Secondly, as indicated 
in Fig. 1, the identifying response will 
also be affected by generalization from 
earlier experience with the same dimen- 
sions, and by S’s momentary condition. 
The key operations for the establish- 
ment and control of the identifying re- 
sponse are systematic variations in sen- 
sory input, and reinforcement of re- 
sponses which are closely contiguous 
with such variations in the stimulus pat- 
tern. After repeated presentations, the 
identifying response may be so modi- 
fied that only highly selective aspects 
of the stimulus pattern control its oc- 
currence. 

On the infrahuman level the question 
of how a discrimination is established 
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has been given exhaustive attention. 
Various discrimination theories have 
dealt mainly with the occurrence of a 
previously specified (correct) response 
as contrasted with another class of (in- 
correct) responses and with situations 
in which: (a) discriminable differences 
in the stimuli are assumed to exist, and 
(6) training has produced specific overt 
responses in the presence of these dif- 
ferences. Generally, a response is chosen 
which markedly changes the animal’s 
locus or his environment and is easily 
observable, e.g., jumping, bar-pressing 
or maze-turning. This selected response 
is then obtained with increased fre- 
quency if some contingency, such as 
food reward, is allowed to occur after- 
ward. The response distribution is then 
functionally related to various experi- 
mental variables. 

Discrimination learning, however, does 
not always proceed smoothly by sudden 
emergence of the correct response with 


progressively increasing frequency. One 
pitfall involves E’s designation of the 
dimension to which the animal actually 


responds. The controversy over color 
vision in the rat in the 1930s (17) 
nicely demonstrates the problem of iso- 
lating the stimulus variables affecting 
the identifying responses. When ex- 
perimental conditions allow reinforce- 
ment of instrumental responses which 
follow different classes of identifying 
responses (i.e., responses under control 
of differing stimulus dimensions), the 
congruence between £’s stimulus ma- 
nipulation and the distribution of in- 
strumental responses is not accounted 
for unless we can establish the stimulus 
dimension to which the animal re- 
sponds. This amounts to experimen- 
tally performing the operations here 
described as defining the identifying 
response. 

From the continuity-discontinuity con- 
troversy and the discussion of presolu- 
tion behavior has come the suggestion 
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that other responses, apparently in- 
volved more directly with the “recog- 
nition” of the pertinent stimulus di- 
mensions, also occur, especially before 
the discrimination is well established. 
Brogden (4) has summarized some of 
this evidence. VTE behavior, orient- 
ing responses, etc., have variously been 
observed. From these observations one 
can infer that some identifying re- 
sponses to the external stimuli may 
occur early in learning, and may modify 
that response for which E has arranged 
elaborate measuring devices. Recently, 
Wykoff (26) has also pointed to an- 
other antecedent of the final response 
in discrimination studies, and showed 
the importance of the observing re- 
sponse which exposes the animal to the 
stimuli. Thus most experimental work 
with animals has concentrated its efforts 
on the final response in a discrimina- 
tion process and its development, with- 
out more than casual mention of the 
responses which apparently occur early 
in training and deal with actual recep- 
tivity of the stimuli. The assumption 
is made that these drop out in later 
stages of training. Another alternative, 
of course, is that these responses are 
also conditioned and their briefer, 
smoother functioning in later stages of 
discrimination makes them less con- 
spicuous to the observer. Since most 
of these identifying responses are gen- 
erally not of interest to the experi- 
menter, they are not set up to be obvi- 
ously instrumental in manipulating the 
animal’s environment. Therefore their 
measurement becomes extremely diffi- 
cult, and consequently the usual opera- 
tions in available discrimination studies 
do not allow a clear differentiation be- 
tween the two phases of the perceptual 
process which we have described, ex- 
cept under highly special conditions. 
Admittedly, the generalization of the 
present schema to animal discrimina- 
tion is somewhat more difficult to dem- 
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onstrate, though its applicability is sug- 
gested by the data which we have dis- 
cussed. 

With humans it is more feasible to 
isolate responses which are primarily 
controlled by external stimulation and 
which may “mediate” subsequent in- 
strumental behavior. The chaining of 
responses during the perceptual process 
is most easily investigated if some 
verbal behavior is involved. We can 
often utilize the S’s ability for verbal 
report in order to verify the particular 
stimulus dimensions which have led to 
the differential response. In a simple 
discrimination we may present two ob- 
jects to S and ask him to respond to a 
difference by stating it. Or we may 
facilitate the discrimination by indicat- 
ing the dimension along which the ob- 
jects differ, in our instructions, or by 
presenting a sample object and asking 
S “to find one like it” (14). In the 
psychophysical experiment, of course, 


such procedures are used; S responds 
to either of two stimuli by identifying 
the position of one object or event with 
respect to another along the same di- 
mension, or he identifies the time pe- 
riod during which he can discriminate 
a single stimulus pattern which differs 


from the background stimulation. The 
latter situation is somewhat more re- 
stricted, since we may consider one of 
the two stimuli as the constant input 
(background stimulation) provided by 
events which are not controlled by E, 
and which he regards as a relative zero 
input for S. 

The research methods described above 
represent only a small part of the field 
of perception. One might well distin- 
guish these studies on the basis of 
the response which is scrutinized. The 
identifying response is usually the meas- 
ured response. The question is often 
one about the discrimination potential 
of S. Even in such apparently clearly 
defined work, however, we occasionally 
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encounter the possibility that the meas- 
ured response is not determined by the 
specific stimulus which E presents but 
by other factors. For example, we find 
that, prior to the actual response, S 
may show a tendency to respond in a 
given way. This lack of independence 
of the identifying response of preceding 
response has been shown by Verplanck, 
Cotton, and Collier (23) in a study 
dealing with brightness discrimination 
at the threshold. Our knowledge of the 
effects of other learning variables on the 
psychophysical procedure awaits more 
detailed study. 

In many human studies on percep- 
tion the complexity of the analysis is 
further increased by the fact that E 
studies not the identifying response it- 
self, but behavior subsequent to it. The 
area of concept formation provides a 
typical example of the complex percep- 
tual process often discussed in relation 
to personality theory. In one.approach, 
for example, S is given a series of blocks 
of different heights, colors, and shapes, 
and is asked to sort them into several 
piles. Here the overt response which is 
tabulated is usually the latency or the 
number of trials required to get a “cor- 
rect” solution. There are several di- 
mensions along which the blocks differ. 
As in our previous example, the initial 
response to the blocks is the identifica- 
tion of the pertinent dimensions. Sev- 
eral different identifying responses may 
be possible, and Ss are often seen to 
shift from one to another before finally 
arranging the piles. 

The identifying responses themselves, 
of course, may be partly determined by 
previous practice with similar tasks, and 
one or several of the dimensions may 
have “acquired distinctiveness” as cues 
(15). They may also be determined 
by physical limitations such as color 
blindness. Furthermore, they may be 
verbal, motor, or autonomic. The in- 
structions, however, usually limit the 





PERCEPTION 


number of identifying responses which 
S will accept as “correct” by limiting 
the instrumental responses that are con- 
tingent upon them. This is done by 
specifying the number of piles to be 
sorted. The Ss are seen to differ in 
their behavior in several ways. Some 
may verbalize the pertinent dimensions 
along which the blocks differ and, based 
on this identification, proceed to sort 
the blocks. Other Ss will carry out the 
entire sequence of identifying and sort- 
ing the blocks on a verbal level first, 
then proceed on the motor level, while 
still others will proceed with the sort- 
ing task without any overt (verbal or 
motor) indication of the occurrence of 
the identifying response. In trial-and- 
error fashion, S may finally make an 
identifying response which leads to the 
motor response that fulfills the instruc- 
tions. Such behavior is likely to lead to 
some reinforcement, which would then 
tend to strengthen the entire sequence 


preceding it, including the identifying 
response. The £’s attention, however, 
usually remains focused not on the 
identifying response but on the response 
which is a function of it, namely, the 


motor sorting. It is interesting to note 
that E can usually infer the identifying 
response after S has handled several of 
the blocks, although S has not yet com- 
pleted the task. This inference is made 
about the identifying response from a 
response subsequent to it. The impor- 
tant point to be noted is that the overt 
response which later appears as datum 
is not directly a function of the ex- 
ternal stimuli and their properties to 
which S$ has responded, but of the 
identifying response which has preceded 
the overt response. 

That many experimenters are aware 
of the confounding of the two phases 
of perception is seen by their various 
efforts to provide for specification of 
the identifying response by instructions 
such as “Think aloud,” or by postex- 
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perimental requests for introspection 
and verbalization about how S arrived 
at a solution. Although recent research 
has decreased its dependence on verbal 
reconstruction of the process, much 
work remains to be done in evaluating 
the variables which determine such dif- 
ferent behaviors as described in the 
block-sorting example above, and in de- 
fining the limits of generality of such 
variables, both intraindividually and 
interindividually. 


SoME IMPLICATIONS OF THE 
PRESENT SCHEMA 


1. From our discussion it has been 
noted that there are two distinct sets 
of variables which may effect the final 
response in a complex perceptual situa- 
tion (see Fig. 1). These are: (a) vari- 
ables controlling the identifying re- 
sponse, and (6) variables controlling 
the association between the identifying 
response and the instrumental response, 
as well as the execution of the instru- 
mental response itself. In view of the 
large number of variables which may 
act at several stages of the sequence, 
prediction from the stimulus input to 
the instrumental response has been 
poor, and post hoc explanations of the 
“meaningfulness” of the stimulus have 
been used to account for this failure. 
Such explanations have been aimed at 
providing knowledge about the inter- 
mediate step, the identifying response. 
The present schema clearly indicates 
how our success in prediction can be 
increased by knowledge of the identi- 
fying response. Assume that we have 
trained S to respond differentially and 
with great ease to area, brightness, and 
texture. Suppose further that he has 
three instrumental responses available 
for a class of objects of area A: Ray, 
Rye, and R,g. Similarly, he has three 
other instrumental responses available 
for a class of objects of a given bright- 
ness B: Ry1, Rye, and Rys; and finally 
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Ri, Reo, and Rig for a class of objects 
of texture T (Fig. 2). If we now pre- 
sent him with a stimulus object of area 
A, brightness B, and texture T, and if 
we further assume that no special con- 
ditions systematically favor the occur- 
rence of any one instrumental response, 
then our best prediction for the oc- 
currence of any of the available instru- 
mental responses is that of p= 1/9. 
However, if the relative effectiveness 
of stimulus dimensions controlling the 
identifying response were systematically 
investigated, or if the dominant identi- 
fying response were established for an 
S from his behavior in other situations, 
it would then be possible to predict to 
which of the three dimensions S is most 
likely to respond. 

For example, if such research sug- 
gests that A is the dimension to which 
a given S responds most frequently, we 
can now improve our prediction to read 
that Rai, Ras, and R,g each will have 
the probability of occurrence of 1/3. 
Thus, the present conceptualization sug- 
gests one method of improving predic- 
tion in perceptual behavior. The ex- 
ample, of course, has been somewhat 


simplified, since other identifying re- 
sponses may also be available to any 
combination of the three dimensions. 
Furthermore, the identifying response 
may be a function of the quantitative 
aspects of each dimension, and condi- 
tional discrimination may occur. Nev- 
ertheless, the increased complexity does 
not alter the approach suggested by the 
example. 

In proposing the present formulation 
an obvious question arises about its ac- 
cessibility to investigation. To date, 
support for ordering perceptual vari- 
ables on the basis of the present schema 
has come mainly from two sources. 
Studies on stimulus predifferentiation 
(10) and transfer of discrimination (8, 
14, 21) essentially utilize the operations 
here described for the identifying re- 
sponse in the pretraining phase, while 
subsequent training demonstrates the 
effect of differentially manipulating the 
identifying response on learning of later 
responses in the presence of the same 
external stimuli. Several mechanisms 
have been advanced to explain how 
these “‘pretrained” responses become ef- 
fective (14, 21, 25). For the present 
schema unequivocal acceptance of any 
of these is not necessary. The experi- 
mental evidence resulting from all of 
these formulations, however, suggests 
the two-phase model of perception 
which would stress the linkage of re- 
sponses to sensory stimulation with sub- 
sequent behavior, and which would or- 
der perceptual research into study of 
the components and the relationship 
between them. In many of the percep- 
tual studies, the “pretraining” to experi- 
mental stimuli, such as pictures or 
meaningful words, encompasses S’s pre- 
laboratory experiences with these and 
related stimuli. The effect of such pre- 
training is often given inadequate at- 
tention, and may result in misinter- 
pretation of the data or faulty control 
of a significant variable. 





PERCEPTION 


The recent advent of information the- 
ory in psychology has stimulated some 
work on the variables controlling the 
identifying response, and promises to be 
of great value in perceptual research, 
since it provides one method for the 
treatment of multidimensional stimuli. 
Representative of this research are 
studies such as that of Bricker (3). In 
a study on the identification of redun- 
dant stimulus patterns, he attacked the 
problem of the effect of one dimension 
in the stimulus pattern on the identify- 
ing response. Eckstrand and Wickens 
(8) studied the effect of pretraining 
with color or form, or both, as relevant 
stimulus dimensions on the differential 
response, while Gregg (13) investigated 
the effect of varying the number of 
stimulus dimensions on reaction time in 
human discrimination. 

2. From our formulation it is clear 
that the instrumental response in per- 
ception is more closely associated with 


a change in the physical relationship of 
S to his environment than is the identi- 


fying response. Therefore, reinforce- 
ment or nonreinforcement resulting from 
S’s changed relation with respect to the 
environment occurs temporally closer to 
the instrumental response than to the 
identification. Secondly, in human 
adults, identifying responses, even on 
the verbal level, usually are not made 
overtly. The act of perceiving is gen- 
erally a “private” one. Thus, the 
identifying response is not as freely ac- 
cessible to evaluation and modification 
by the social environment and therefore 
is not as universal in a given cultural 
setting.* In fact, in some cases, rein- 
forcement for a perceptual behavior se- 
quence may be obtained if the instru- 
mental response is acceptable to the 
perceiver’s fellow men, even though the 
identifying response may be quite un- 


3In this connection, see Cameron’s excel- 
lent treatment of socially shared and covert 
responses (5). 
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acceptable to them. Any clinician is 
familiar with such behavior in patients 
who obtain the “correct answer” or be- 
have appropriately, often despite ex- 
treme deviation in their identification 
of a common external stimulus. From 
these considerations, our hypothesis may 
be stated as follows: In a given percep- 
tual behavior sequence, the identifying 
response is changed or extinguished 
with greater difficulty than the subse- 
quent instrumental response, since the 
latter may also result in reinforcement 
in situations in which there is no 
close correlation with the environmen- 
tal stimulus pattern to which the for- 
mer is made. While we know of no 
experimental work at present that may 
reflect on this hypothesis, it is easily 
testable. Our analysis also carries some 
implications for the study of verbal be- 
havior. This area may best be ap- 
proached by considering the multiplicity 
of variables which can act, either dur- 
ing initial formulation of S’s responses 
to environmental stimulation or when 
S attempts to explicate them to others 
in order to affect their behavior. Such 
a treatment of verbal behavior would 
bear similarity to Skinner’s classifica- 
tion of tacts and mands (22). 

3. It has already been stated that the 
instrumental response in our schema is 
contingent upon the identifying re- 
sponse and not directly on the stimula- 
tional pattern. Therefore, it may con- 
tinue even after the stimulation pattern 
is changed, as long as the identifying re- 
sponse sets the occasion for it. Con- 
versely, the identifying response may 
set off an instrumental response (even 
though the identification is not ve- 
ridical) and maintain the instrumental 
response until a change in the discrimi- 
nation occurs. Thus, our analysis pro- 
vides for some explanation of the per- 
sistence of wrong hypotheses, as de- 
scribed by Blake and Vanderplas (2), 
and of the relative freedom of some 





326 


perceptual behavior from a strict de- 
pendence on minor changes in the stimu- 
lus pattern. It also suggests the possi- 
bility that maintenance of the identify- 
ing response in the face of some changes 
in the stimulational pattern may be in- 
volved in the persistence of instrumen- 
tal responses which are no longer cor- 
related with the stimulus which EZ pre- 
sents. According to our formulation, 
except when other factors than learn- 
ing are highly dominant, such behavior 
could be due to the more gradual ex- 
tinction of the identifying response and 
the dependence of the instrumental re- 
sponse on it. Experimentally, one would 
expect extinction of perceptual responses 
to occur more quickly if one of the 
variables controlling the identifying re- 
sponse could be used to alter it directly. 

4. On the assumption that organisms 
interact with their environment in nu- 
merous ways, it has already been sug- 
gested that the identifying response 
may occur on at least three different 


levels, the motor, the verbal, and the 


autonomic. If a stimulational pattern 
is responded to only on the autonomic 
level, for example, it would be expected 
that the instrumental response will be 
primarily dependent on it. Accordingly, 
the overt response may be made with- 
out a correlated report about its ante- 
cedents, in which case S is said to act 
without awareness of the stimulus for 
his reaction. While the stimulus infor- 
mation may be adequate for “autonomic 
identification,” it may not be sufficient 
for a verbal response. On the basis of 
the instructions, S may then report: “I 
do not see it” or, “I see a blank screen,” 
despite the fact that he gives a GSR. 
Some studies on subception (16) in 
which previously punished word stimuli 
are presented below threshold for verbal 
recognition seem more parsimoniously 
treated in this way than by invoking 
preperception or other censoring de- 
vices. It also is possible that two 
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identifying responses are made to dif- 
ferent aspects of the same stimulational 
pattern, each in a different mode of ex- 
pression. To borrow an analogy from 
information theory, one might speak of 
contradictory information, transmitted 
over two different channels (18). The 
resultant instrumental behavior should 
show some lack of integration, since 
components of it are partly determined 
by two different identifying responses. 
One example might be the identifying 
response of the listener when speech 
and gestures of the speaker “do not 
match.” The clinician who observes 
tears in the eyes of a patient who tells 
him that he is feeling wonderful is in 
such a situation. Several questions of 
interest are raised by these specula- 
tions. What factors determine the pat- 
tern of stimulus dimensions which is 
selectively responded to? For exam- 
ple, does training have an effect on the 
dominance of the channel to which the 
response is made? ‘To what extent do 
motivational variables affect the identi- 
fying response? Are these variables 
important in determining the mode of 
responding? 

5. The use of verbal behavior in 
identification allows for considerably 
sharper discriminations than the vague, 
diffuse stimulational patterns provided 
by our interoceptors. Furthermore, 
through language the explication of 
identifying responses in communicable 
form allows for establishment of in- 
strumental responses which fall under 
social control. Dollard and Miller’s 
stress on labeling in psychotherapy 
stems from a similar rationale (7). 
Only after the identifying response of 
the patient toward a given situation has 
been established in verbal form can he 
be taught to make adequate instrumen- 
tal responses which are more generally 
adaptive. The therapist, by teaching 
the patient to respond more effectively 
to pertinent cues from his environment, 
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provides naming responses which can 
then be related to instrumental activity. 
In a sense, therapists teach their pa- 
tients to “see things differently,” i.e., 
to respond to different stimulational 
patterns than before and to do so in a 
verbal mode of response. The role of 
such naming responses has _ recently 
been studied in various experiments (6, 
20, 21), and promises to shed light on 
this major component of human percep- 
tual behavior, i.e., language behavior. 
6. A number of recent studies have 
dealt with perception of ambiguous 
stimuli. Let us define ambiguity with 
respect to the number of responses 
available for a given set of stimuli. 
Given a specific stimulus pattern to 
which S has available one class of 
identifying responses which are at high 
strength under these conditions, the ef- 
fect of other variables which control 
the identifying response will be mini- 
mized, and a veridical perception is re- 
ported. As the stimulus input becomes 
less highly correlated with an identify- 
ing response of high strength, alternate 
responses may occur, leading to instru- 
mental responses which may or may not 
bring the organism into more advan- 
tageous relationship to his environment. 
Such a process might be described as 
“checking reality” or “testing hypothe- 
ses.” If the stimulus information is re- 
duced, more patterns in the stimulus 
input may be discriminated and a 
greater number of responses to them 
becomes available. Such a reduction in 
stimulus information can be obtained 
by decreasing exposure time, omission 
of cues from familiar objects, reduction 
of illumination, or offering cues which 
normally do not occur together in fa- 
miliar settings. Under these conditions, 
the competition of responses should be 
greater and the effect of variables which 
we have roughly classed as organismic, 
learning, and motivational (see Fig. 1) 
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may have greater weight in determining 
the response. 

On the basis of our analysis there is, 
however, a second source of “misper- 
ceptions.”” While we may call the for- 
mer misrecognition, there is also the 
opportunity for ambiguity in the second 
phase. Despite veridical recognition, 
there may occur an instrumental re- 
sponse which is not highly correlated 
with any one identifying response. In 
studies with taboo words, questions 
about this point of variability appear 
in connection with withholding verbal 
report of the stimulus. Thus, there are 
two sources of variability in perceptual 
processes when we present stimulational 
patterns for which there is no widely 
accepted or highly trained response. 
First, we may fail to obtain agreement 
in the identification of the pattern when 
a low correlation exists between the 
stimulus input and an identifying re- 
sponse of high strength. Secondly, the 
behavior subsequent to recognition may 
be controlled by variables which are 
not explicit or not highly uniform in a 
population. The projective tests have 
capitalized on both sources of variabil- 
ity, though the distinction is not often 
made. 

The traditional Rorschach procedure 
provides an interesting reflection on our 
analysis. Here, after S gives some ver- 
bal report about the blot, Z follows up 
with an inquiry. In this inquiry he 
asks for an explication of the stimulus 
dimensions to which S has responded, 
i.e., whether form, color, or shading 
was used. The assumption is made 
that S will show selectivity with respect 
to the dimensions in the stimulus to 
which he tends to respond, and that 
such selectivity is related to person- 
ality variables. The Rorschach in- 
quiry, then, is one attempt to make 
overt the identifying response, as we 
have here described it. Other levels of 
Rorschach interpretations, such as con- 
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tent analysis, usually reflect on the in- 
strumental response which follows rec- 
ognition, and are separately related to 
personality variables. 

One other illustration of the applica- 
tion of our analysis can be cited in re- 
lation to an interesting series of studies 
by Weisskopf (24). She proposed the 
use of a Transcendence Index as a 
measure of the number of comments 
which go beyond mere description of 
pictures on the TAT. In this study, 
contrary to standard TAT practice, Ss 
were asked to describe what they saw. 
Her failure to obtain uniformity in de- 
scription attests to our earlier sugges- 
tion that even the first phase of the 
perceptual process, the recognition and 
identification of a stimulus pattern, is 
not completely determined by the sen- 
sory input alone. In the usual TAT 
procedures, of course, the process also 
includes phase 2, since S is asked to 
tell a story based on the card; i.e., the 


final response is one which is subse- 
quent to the identifying response, and 
additional opportunity for the opera- 
tion of personality variables is thereby 


given. The role of the identifying re- 
sponse may profitably be studied here 
by differential reinforcement of card de- 
scription and study of the changes in 
subsequent story-productions. 

7. The concept of set has been an 
especially important one in recent theo- 
rizing about perception. Its application 
has been so widespread, however, that 
numerous referents can be found for 
this term. Generally, it has been im- 
plied that set may have its effect, be it 
facilitating or inhibiting, either with re- 
spect to selective receptivity (sensorial) 
or with respect to the following motor 
response. In our schema those vari- 
ables which have been subsumed under 
set can be separated into: (a) those 
affecting the identifying response and 
(5) those affecting the instrumental re- 
sponse. Experimental analysis of the 
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effect of set or attitudes could then 
be further facilitated by investigations 
which focus at each point in the per- 
ceptual sequence. 


SUMMARY 


The present paper suggests a con- 
ceptualization of the perceptual process 
which distinguishes two distinct phases 
in perception: (a) an initial response 
related to some dimensional pattern in 
the environmental stimulation; and (5) 
an instrumental response which is con- 
tingent upon the former. This formu- 
lation is presented primarily with the 
intent of ordering available data on per- 
ceptual processes, and suggesting fur- 
ther areas of research which would sys- 
tematically evaluate the effect of vari- 
ous variables on the components of the 
complex perceptual process. In discuss- 
ing the implications of the formulation, 
it was indicated what meaningful ques- 
tions could be raised on the basis of the 
view which is presented here. Separate 
investigations of these steps should fur- 
ther our knowledge about two major 
questions posed in this area, namely, 
(a) how S comes to respond to certain 
selected aspects of his environment; and 
(6) what determines his behavior sub- 
sequent to and partially dependent upon 
his appraisal of the environment. 
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PERCEPTION AS SUBSTITUTE TRIAL AND ERROR 


DONALD T. CAMPBELL 


Northwestern University 


The Darwinian concept of random 
variation and natural selection through 
differential survival provides a general 
model for the deterministic description 
of adaptive phenomena. Recently this 
model has seen increased application to 
the adaptive phenomena described by 
psychologists as problem solving or 
learning. It is the purpose of this pa- 
per to suggest the application of the 
model to a third level, that is to say, to 
the adaptive behavior demonstrated in 
carrying out or executing a well-learned 
habit. Such an application seems to 


necessitate the conceptualization of sen- 
sory and perceptual processes implied 
in the title. 

The early comparative biologists and 


evolutionists assembled impressive evi- 
dence of the adaptive fit between or- 
ganismic structure and environmental 
possibilities. To explain such fit, three 
principal alternatives were available. 
The first involved the detailed a priori 
planning of a prescient deity. The sec- 
ond involved appropriate or corrective 
structural modifications based on ex- 
perience with the environment in ques- 
tion. But this model also involves pre- 
science, however modest and distributed, 
in that the organism somehow ‘fore- 
sees which modifications will fit better. 
Where the Lamarckian notion of in- 
heritable habituation could be applied, 
some plausibility might be gained. But 
most instances of adaptive fit could not 
thus be explained. The third model 
was the Darwinian theory of natural 
selection. For this model, unlike the 
second, the modifications or variations 
are blind, are random, are individually 
nonappropriate, are not of the order of 
corrections. But by chance there do 


occur those which provide better fit, 
and these survive and are duplicated. 
While Darwinian theory of evolution 
has undergone considerable elaboration 
and modification, and while there has 
been disagreement as to the mechanism 
and the magnitude of the variations in- 
volved, his basic model of natural se- 
lection is uniformly accepted today, and 
stands as one of the great conceptual 
achievements of the 19th century. In 
its abstract or formal aspects, it is a 
model which may be applied to other 
adaptive processes, or other apparently 
teleological series of events in which 
modifications seem guided by outcome.” 


1 Recently this model has been applied to 
embryological morphogenesis and differentia- 
tion. While this application is yet incom- 
plete, it is worthy of psychology’s attention, 
inasmuch as the “organizing fields” of the ex- 
perimental embryologists have provided an in- 
fluential model for field theory in psychology. 
The problem has been to explain how genetic 
control is exercised to account for growth and 
differentiation into adult form. A tempting 
early model involved the notion that the 
genes of the germ plasm, containing the total 
blueprint for the adult organism, became dis- 
tributed in the process of mitosis, so that each 
somatic cell contained only those genes ap- 
propriate to its body part. This model re- 
quired that the genes collectively contain an 
almost incredible detail, with every phase of 
growth predestined at a cell-by-cell ijevel. 
The model has been invalidated by the ex- 
perimental facts of wound healing, regenera- 
tion, and, most dramatically, by the trans- 
plantation experiments done on amphibian 
embryos. These show that, up to a certain 
stage, transplanted cells will develop in con- 
formity with the locality in which they are 
placed, rather than in terms of the locality of 
origin. From such experiments have come 
concepts of organizing fields with excitatory 
and inhibitory gradients. Such concepts pro- 
vide useful summaries of the facts, and may 
be stated in mathematical form, but are un- 
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SELECTIVE SURVIVAL IN PROBLEM 
SOLVING OR LEARNING 


A second level of organismic fit to en- 
vironment is to be found in the behav- 
ioral modifications that occur within the 
life span of a single organism. Thus, a 
rat’s behavior comes more and more to 
“fit” the maze, to reflect the environ- 
mental possibilities. The consistency of 
the trend toward fit and the general 
goodness of fit achieved have tempted 
some writers to teleological explana- 
tions, or to explanations involving pre- 
science on the part of the animal in 
small or large degree. Ashby (3) and 
Pringle (22) have explicitly proposed 
that the blind variation and selective 
survival model be applied to adaptation 
at the level of animal problem solving 
and learning. There are differences in 





satisfactory in not specifying how the con- 
trol comes about. Spiegelman (26) has sug- 
gested that the natural selection model be ap- 
plied here. In simplified form, he sees each 
somatic cell as containing the full complement 
of genes. The genes are conceived of as po- 
tential initiators of self-duplicating enzyme- 


formation processes, each gene producing a. 


characteristic enzyme, which in turn deter- 
mines a_ characteristic cellular structure. 
Which genes or enzymes dominate depends 
upon the character of the immediate surround- 
ings, both within the cell and externally. The 
surroundings provide the setting for the se- 
lective propagation of some self-duplicating 
enzyme complexes at the expense of others 
with which they compete for energy and 
space. Amputation, transplantation, etc. 
change these surroundings, and thus the pat- 
terns of dominance. The pattern of growth 
is modified by changing the selecting condi- 
tions. While Spiegelman has not yet ex- 
tended his model to describe fully the mecha- 
nism of embryological development, the di- 
rection of theoretical development provides a 
promising illustration of the application of 
the natural selection model to a dramatic in- 
stance of a seemingly teleological phenomenon. 

2 The parallel between natural selection and 
trial-and-error learning seems obvious, once 
pointed out, and yet is an important and 
profound intellectual achievement. It is inter- 
esting to note that Lloyd Morgan and E. L. 
Thorndike, who were imbued with the Dar- 
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their applications. Ashby attempts to 
start from scratch, and to imitate initi- 
ally a protozoan as simple as Jennings’ 
Stentor. Pringle starts at the level of 
mammalian brain function, and suggests 
a model in which the selective survival 
of neural inputs among central nervous 
system resonance patterns accounts for 
learning. The present paper is most in- 
fluenced by Ashby. To quote from his 


introduction to Design for a Brain: 


The work also in a sense develops a theory 
of the “natural selection” of behaviour-pat- 
terns. Just as in the species the truism that 
the dead cannot breed implies that there is a 
fundamental tendency for the successful to re- 
place the unsuccessful, so in the nervous sys- 
tem does the truism that the unstable tends to 
destroy itself imply that there is a fundamen- 
tal tendency for the stable to replace the un- 
stable. Just as the gene pattern in its en- 
counters with the environment tends toward 
ever better adaptation of the inherited form 
and function, so does a system of step- and 
part-functions tend toward ever better adapta- 
tion of learned behaviour (3, p. vi). 


Ashby has designed and built a “Ho- 
meostat” which achieves adaptation at 
the levels of “stability” and “ultrasta- 
bility,” as meticulously defined. Essen- 
tial to this machine are uniselectors or 
stepping-switches designed to provide a 
series of random changes in certain in- 
ternal circuits. This device is activated 
whenever a swinging magnet is de- 
flected out of its normal center range. 
Such deflection may result from inter- 
ferences with any part of the machine’s 
circuitry, such interferences represent- 





winian heritage and were proponents of the 
trial-and-error doctrine, seemed to miss it, or 
at least did not make it explicit. Ashby and 
Pringle, both participating in the intellectual 
ferment out of which cybernetics and infor- 
mation theory have developed, seem to have 
noted the parallel independently. It is not 
here intended to establish precedence for the 
notion, however. Young (38) also presents 
it, although less clearly. And Lewin (16, p. 
66) and Asch (2, pp. 96-98) both raise the 
parallel, if only to reject its applicability, ap- 
parently independently of other sources. 





332 Donatp T. 
ing the impingement of the environ- 
ment. The stepping-switches continue 
to emit the random changes as long as 
the swinging magnet is out of center, 
being stopped only when centering is 
again achieved, leaving the internal wir- 
ing as it is at that moment. In this 
sense the machine learns, or solves 
problems, introducing adaptive innova- 
tions into its own structure. 

In terms of the rudiments of the gen- 
eral selective survival model, habit for- 
mation would be based upon (a) ran- 
dom variation of emitted behavior, (4) 
selective survival of certain variations, 
and (c) retention and duplication of 
surviving variations. In terms of con- 
ceptual traditions in psychology, this 
translates into a random trial-and-error 
learning model. Accepting the general 


correctness of the model may be made 
more palatable by noting that most 
contemporary learning theories contain 
a random trial-and-error component. 


While this is most obvious in theories 
of the Thorndike tradition, as in Hull, 
Skinner, and especially Guthrie, it is 
also true of the more Gestaltish theo- 
ries of Tolman and Meier, as has been 
pointed out elsewhere (6). The major 
unsolved problems lie in the mecha- 
nisms of selection and retention, and 
these problems are formidable. But for 
the purposes of the present paper it is 
the randomness that needs emphasis. 

The term random is an unsatisfac- 
tory one. Contained in the folk terms 
“random,” “chance,” “haphazard,” “for- 
tuitous,” and the like are a number of 
connotations which have been seized 
upon and formalized in mathematical 
and scientific thinking. These are es- 
sential in the selective-survival model 
to varying degrees, and the absence of 
strict randomness on some points be- 
comes a source of confusion. Speaking 
of the device for changing internal cir- 
cuits, Ashby says: 
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The values of the components . . . were 
deliberately randomized by taking the actual 
numerical values from Fischer and Yates’ 
Table of Random Numbers. Once built on 
to the uniselectors, the values of these pa- 
rameters are determined at any moment by 
the positions of the uniselectors. Twenty- 
five positions on each of four uniselectors 
. . . provide 390,625 combinations of parame- 
ter values (3, p. 96). 


The settings or “trials” of the ma- 
chine when disturbed approach random- 
ness in all senses of the word. First, 
all possible settings are equiprobable. 
However, the device would still work 
even if this feature were considerably 
modified. Indeed, to refer to the evo- 
lutionary paradigm, it is known that 
the mutation frequencies for different 
genes vary widely. That responses 
differ greatly in likelihood of appear- 
ance is not an essential deviation from 
the model, as long as responses vary 
and continue to change in the face of 
distress. 

Second, the settings or responses are 
independent of each other—the likeli- 
hood of a given response’s occurring is 
not affected by the prior responses. 
This requirement can be considerably 
breached and Ashby’s machine would 
still work, and indeed it seems unlikely 
that it holds strictly for the Homeostat 
as constructed. Furthermore, granted 
the frustration tolerance which the ma- 
chine seems to have, it could still adapt 
if the uniselectors ran through the 
390,625 possibilities in an orderly, sys- 
tematic fashion. Mechanically it is 
probably simpler and more generally 
effective to construct the machine as 
Ashby has done, but it is not essential. 
Since there are among the 390,625 pos- 
sibilities many with equivalent effects, 
or since for any given stress there are 
numerous potential resolutions, and 
since in a systematic order the adjacent 
settings would tend to have similar ef- 
fects, the systematic approach would 
probably result more frequently in long 
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runs of trials without a solution, even 
though the modal solution time might 
not be greater.* * 

Third, random connotes that the set- 
tings or trials are uncorrelated with the 
stress, or the stimuli that set them off. 
While this can be abrogated con- 
siderably without incapacitating the 
mechanism, a high correlation between 
antecedent conditions and response ob- 
viously eliminates problem solving, dis- 
covery, or innovation. Fourth, random 
connotes that the occurrence of the 
trials individually is uncorrelated with 
the solution, and in particular that spe- 
cific correct trials are no more likely to 
occur at any given point than specific 
incorrect ones. This requirement seems 
essential. Insofar as it is breached in 


empirical observations of trial-and-error 
learning, it is under conditions of a 
joint correlation of response and solu- 
tion with the instigating conditions, and 
represents prior learning or other prior 


sources of partial information. Geneti- 
cally determined response hierarchies to 
stimuli could in this sense reflect an 
evolutionary accumulation of partial 
knowledge about probably appropriate 
responses. “Blind variation” or “blind 
trial and error” are better phrases per- 
haps, but “blind” used in this sense has 
metaphorical implications which over- 
lap with the main theme of this paper. 
The term “nonprescient” is perhaps 
most appropriate. 

A fifth and essential connotation of 


3In the evolutionary setting of gene muta- 
tions, this aspect of randomness appears es- 
sential. If mutations tended to occur in a 
specific order, with the same mutation first, 
and if the great bulk of mutations are ineffec- 
tive or lethal in results, then the possibility of 
species extinction without adaptive innovation 
becomes great. 

4For the trial-and-error behavior of living 
organisms, there is another relevant considera- 
tion. A high degree of predictability in loco- 
motor search behavior is a source of weak- 
ness is predator-prey relationships, as is em- 
phasized in the theory of games. 
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random or “blind” is the eschewing of 
any notion that a subsequent response 
is a “correction” of the preceding one, 
or makes use of the direction of error 
of the earlier ones. Such notions in- 
troduce imputations of prescience which 
a deterministic model must avoid, un- 
less a specific mechanism for such pre- 
science be introduced. The settings, 
trials, or responses succeed each other 
in a blind or random fashion, the sub- 
sequent responses being no more appro- 
priate than the prior ones, except by 
chance. 


ADAPTIVE Fit IN THE EXECUTION 
oF Hasits 


A third level of adaptive fit of organ- 
ism to environment occurs in the exe- 
cution of habits. Not only does the 
rat manifest adaptive fit in solving or 
learning the maze, but in addition it 
usually manifests adaptive fit every 
time it runs the maze. Usually it has 
not learned a specific series of muscle 
contractions which run off regardless of 
the environment. Rather, it runs in 
conformity with the location of walls 
and passageways. Start it off on a 
different heading, or on a different foot, 
and its behavior still fits. Shift the 
usable mode of locomotion from wad- 
ing to swimming, and although double 
the number of leg movements is re- 
quired, the behavior still fits (17). 
While not all learned responses mani- 
fest this character, it seems that most 
of them do (6). This adaptive fit in 
the execution of habits has been called 
molar behavior by Tolman (30) and 
others. It represents acts, not move- 
ments, or advertent rather than inad- 
vertent responses in Guthrie’s termi- 
nologies (10). Brunswik (5) has desig- 
nated it as consisting of distal responses 
rather than proximal ones. It is clearly 
the kind of response designated for 
study by Skinner (24). It also has 
been characterized as object-consistent 
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response, as opposed to bod y-consistent 
response (6). Without implying that 
there is agreement on how such behav- 
ior can be explained, it can be stated 
that this is the kind of response most 
frequently studied in contemporary 
learning theory. We may quote Spence 
on this, speaking for the “S-R Associa- 
tion-Reinforcement” point of view with 
which he identifies Hull and himself. 


Both the stimulus and response are de- 
scribed at a molar, commonsense level, rather 
than in molecular, physiological units. Thus 
a response is described either in terms of the 
effects it produces in the environment, such 
as depressing the lever of a Skinner Box, or 
in terms of the changed spatial relations of 
the organism in its environment, for exam- 
ple, entering a blind alley, approaching the 
positive stimulus, and so on. No note is 
taken of the differences in the detailed move- 
ments or motor pattern of the activity. Thus 
all movements of the organism that result in 
the same environmental change are regarded 
as a single-response class (25, p. 247, foot- 
note). 


In the present discussion, we shall use 
the term “object-consistent” for such 


flexibly fitting responses. In contrast, 
a body-consistent or muscle-consistent 
response, controlled only in terms of 
body parameters, may fit an environ- 
ment, but only on the basis of memory 
—it runs itself off without the flexible 
fitting which characterizes the object- 
consistent response. 

From the considerations just reviewed, 
the present paper assumes two prob- 
lems: First, it assumes that the prob- 
lem of adaptive fit in the execution of 
habits (or in the execution of adaptive 
instincts for that matter) is a puzzle 
needing explanation, and one as vulner- 
able to teleological pseudo-explanation 
as were the problems of inherited or- 
ganismic form and learning. Such a 
focus is not common in contemporary 
psychology, as the level of analysis 
chosen for data collection and theory 
avoids the problem. But the focus is 
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shared by Guthrie, if by no others. 
Second, it undertakes to apply the se- 
lective survival model to such adaptive 
fit. This application proves difficult, 
and the task may seem gratuitously 
undertaken. Persistence seems justified 
by the success of the model for the 
other levels of adaptive fit, and by the 
absence of other explanatory frame- 
works for apparently teleological se- 
quences of behavior. Application of the 
model to the object-consistent response 
requires that a random variation and 
selection process go on in carrying out 
each response, to account for the fit to 
environment which it shows. The ex- 
istence of such a random trial-and-error 
process appears more readily if we ex- 
amine first object-consistent responses 
on the part of organisms lacking dis- 
tance receptors. 

Blind object-consistent responses. Let 
us consider a blind person who has 
learned the task of sorting mixed ma- 
chine parts into separate bins. The re- 
sponse of reaching is for the most part 
a body-consistent response, guided in 
terms of body orientation and memory. 
The final phase of the grasping, how- 
ever, involves an observable blind, ran- 
dom groping, varying in extent depend- 
ing upon the accuracy of the initial 
movement. Without the trial-and-error 
component, the object-consistent adap- 
tive fit of the response would not be 
achieved. An example of a blind, fum- 
bling, yet object-consistent response for 
a seeing person might be finding a 
cigarette lighter in a pocket. But even 
for a blind person’s behavior, this ran- 
dom trial-and-error aspect of executing 
well-learned behavior may not be too 
apparent. In part, this is due to the 
fact that, in a simple stable environ- 
ment, body-consistent responses may 
approach fit quite closely, leaving the 
random trial-and-error component to a 
minimum. Thus in walking on a well- 
known level floor, the blind person may 
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place each foot without hesitation, or 
visible trial and error. And on an un- 
even terrain, the random trial-and-error 
component may be safely'limited to one 
dimension, and appear only as a hesi- 
tant feeling for the ground. But if we 
are to follow the logic of Ashby’s pres- 
entation, and avoid any unexplained 
prescience on the part of the organism, 
the random trial-and-error component 
must be present in every object-consist- 
ent response. 

Let us follow further our blind sub- 
ject in his well-learned performance. 
He identifies the piece by a random 
scanning of its surface with his fingers. 
He places it without apparent hesita- 
tion in the correct bin, if the bins are 
large enough for a body-consistent re- 
sponse to be adequate. But if we ob- 
serve him more closely, we note that he 
has searched out the correct bin with 
his left hand, and that this has given 


confidence and precision to the response 


of the right. Somehow, the random 
trial and error of the left hand has vi- 
cariously served for the right one. Simi- 
larly, he may in walking use a blind 
trial and error of cane movements to 
search out steps, walls, and doors, re- 
ducing the trial-and-error component in 
his walking. 

Guided object-consistent responses. 
But most object-consistent responses 
have a smooth, accurate, guided quality 
which seems quite out of keeping with 
the prescribed random trial-and-error 
process. If the formal mode! for adap- 
tive fit is to be retained at this level, the 
only resolution seems to be to locate 
the trial-and-error process in the func- 
tion of the sensory organs. It is the 
burden of this paper that perception 
serves this function of trial-and-error 
exploration, substituting for the motor 
trial and error found in the blind ob- 
ject-consistent response. 

It is probably easiest to accept this 
point of view for an organ of vicarious 
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exploration like an insect’s antenna, or 
the blind man’s cane. The analogy of 
the radar screen as an aiming device is 
of help. The radar beams scan the sky 
in a blind sweep, blind in that it is not 
modified by any prior knowledge of the 
location of objects. When in this search 
a beam reflects from a plane, a gun 
is then appropriately aimed. The trial 
and error of a radar beam has substi- 
tuted for a trial and error of expensive 
bullets. In a parallel way, a ship’s 
radar vicariously explores the water- 
ways, by a trial and error of radar 
beams learning the location of obstacles 
that might otherwise have been located 
by a trial and error of ship movements 
and collisions. 

It is an easy transition from the radar 
model to the bat’s supersonic echo lo- 
cation—in which sound waves emitted 
in all directions provide the substitute 
random trial-and-error process. Simi- 
larly, the lateral line organ of fishes 
seems to have the purpose of register- 
ing waves of water pressure change in 
such a fashion as to locate objects in 
terms of the echo of the fish’s own 
swimming, and Pumphrey (23) has 
suggested the radar and echo-location 
analogy for this process. 

The case for vision is most impor- 
tant, but cannot be made with the 
clarity and completion possible for the 
radar and echo-location examples, since 
the emitting process is missing. How- 
ever, the notion of vision as a surrogate 
trial-and-error process seems not only 
required by the formal model but sup- 
ported by other considerations. If in 
visual search the gross eye movements 
are not blindly searching, it is because 
other sources of information such as 
touch, memory, or hearing have been 
employed to narrow the range of search. 
Hebb (11) has assembled impressive 
data on the active searching move- 
ments that typically characterize the 
simplest seeing process, and his facts 
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belie the implicit notion of the passive, 
fixed-focus eye implicit in both Gestalt 
and conditioning theories. But even 
without temporally extended scanning, 
the eye in a single glance provides spa- 
tial information which can substitute 
for motor trial and error, which can 
lead to smooth, guided, object-consist- 
ent responses. 

Can this be fitted into the model? 
Perhaps. Ashby’s Homeostat under 
stress presents to its environment a lot 
of alternatives, from which one that 
fits is selected. Similarly, the radar 
beam presents in its ever-repeated scan- 
ning sweeps multiple alternative loci for 
reflection. In both of these the alterna- 
tives are temporally extended. The rods 
and the cones of a fixed-focus eye can 
be regarded as the simultaneous pres- 
entation of a myriad of alternative loci 
for possible excitation, blindly available 
in that their location or availability 
does not anticipate the location of ob- 


jects, except as this glance has been 
preceded by other glances and other 


sources of information. We could build 
a radar device in this manner, so that 
instead of one scanning beam of vary- 
ing direction, it had a million simul- 
taneously operating beam emitters and 
receivers, all of fixed aim. The learn- 
ing capacity of Ashby’s Homeostat lies 
in the range of settings it can try. The 
learning capacity of the radar lies in 
the range of directions in which it sends 
its beams. The learning capacity of the 
eye lies in the range of possibilities 
which it makes simultaneously avail- 
able to selective excitation. Thus even 
without the emitting mechanism of 
radar, major portions of the model 
seem appropriate. Vision can be seen 
as providing data about the spatial en- 
vironment intersubstitutable with what 
might be learned by blind trial and 
error. It is to be understood similarly 
in a deterministic way, with no appeals 
to prescience. It retains the basic epis- 


CAMPBELL 


temology of trying a lot of things and 
seeing what works. Although the anal- 
ogy is not complete nor elegant, let us 
explore its implications for some al- 
ready established problems and points 
of view. 


RELATION TO OTHER VIEWPOINTS 


Response guiding through feedback. 
Cybernetics has made a valuable con- 
tribution to learning theory through 
providing a thoroughly deterministic 
model for the treatment of purposive 
behavior. Among the learning theo- 
rists, Guthrie (10) and Mowrer (19) 
have explicitly recognized this role. 
Guthrie (10, p. 283) and Wiener (37) 
have applied the concept of feedback 
to the execution of object-consistent re- 
sponses, with a solution similar to the 
present one, but differing in an impor- 
tant respect. They both accept the 
analogy of the automatic pilot and the 
steam-engine governor. Applied to the 
object-consistent response, this means 
that the response is guided by its ef- 
fects, as fed back by kinesthetic and 
other evidences of outcome. Guthrie 
notes, too, the “trial-and-error com- 
ponents” of such cybernetic controls. 
Both Guthrie and Wiener emphasize 
the importance of visual feedback in 
this process. “As the cat reaches for 
the post either ready to bite or ready 
to claw, the movement is continuously 
corrected by vision and therefore may 
be executed from a small variety of 
stances or of distances from the post” 
(10, p. 283). Yet the emphasis here is 


-on the after-feedback of the results of 


the motor movement, as in the blind 
object-consistent responses described 
above. 

In contrast, for the notion of percep- 
tion as substitute trial and error, the 
automatic pilot and steam-engine gov- 
ernor are not adequate analogies. In- 
stead, a distinction is drawn between 


these, in which the main motor output 
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is guided by its own effect, and those 
other cybernetic devices in which the 
main motor output is guided by the re- 
sults of a prior substitute output and 
feedback. Thus the radar controlled 
anti-aircraft missile is not guided by 
feedback from the projectile’s location 
or outcome, but rather by the feedback 
from a prior output of electromagnetic 
waves. The movement of the radar- 
guided ship is not controlled by feed- 
back of the ship’s contacts and col- 
lisions with other objects, but rather by 
the feedback of the contacts and col- 
lisions of the exploratory, substituting 
radar beam. Perception is seen as con- 
trolling guided distal responses in this 
same trial-in-advance way. 

Lashley (15, p. 122) has argued 
against the theory of control of move- 
ment which “assumed that it is con- 
tinued until stopped by sensations... . 
which indicate that the limb has reached 
the desired position.” He finds the speed 
of some controlled actions are such as 
to “force the conclusion that an effector 
mechanism can be preset or primed to 
discharge at any given intensity or for 
a given duration in independence of any 
sensory controls.” While he is refer- 
ring specifically to kinesthetic feedback, 
his remarks might be generalized to in- 
clude visual feedback from motor move- 
ment. A study by Hess (12) on the 
pecking of chicks also seems relevant. 
The normal accurate pecking, clearly 
a guided object-consistent response, is 
made systematically inaccurate when 
the chicks wear distorting lenses. No 
amount of experience, motor feedback, 
or visual feedback from motor effects 
seems to correct this error. Instead 
the instinctive accurate pecking seems 
rigidly guided by prior visual search. 
The reader can perhaps convince him- 
self of the distinction by noting with 
what considerable accuracy he can guide 
his hands to an object by first looking, 
and then closing his eyes before he 
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reaches. In making this distinction, I 
should not like to imply that Guthrie 
would disagree with it. Guthrie’s com- 


ments on this problem are an impor- 
tant step in resolving long-standing dis- 
agreements in learning theory toward 
which he has persistently called atten- 
To quote him: 


tion. 


Advertent solutions transferred more readily 
to the post in a new position. The cat did 
not bite or claw the air in the old spot. The 
animal was more likely to look around and 
on seeing the post in a new position approach 
it and perform a guided act like biting or 
clawing. When escape had been inadvertent, 
this transfer to a new position did not take 
place and the cat repeatedly backed into the 
place where the post had been. 

Advertent solutions obviously have many 
of the qualities that interest Tolman (and 
should interest others). They can be de- 
scribed as expectancies or as perceptions of 
means-end relationships. It is our belief that 
in associating the act of reaching with the 
sight of the post, tendencies to reach out may 
through previous practice be conditioned on 
vision and visual orientation and serve as 
maintaining stimuli for a sustained reaction 
to the post which has the same trial-and- 
error components as has the automatic pilot 
of the plane or steamship. Reaching out and 
touching is a skill with much practice behind 
it, and it is also a behavior mode which ex- 
hibits control. When the telephone rings we 
ultimately reach the instrument even if our 
chair is in a new spot and we must follow a 
course which never before has been followed. 
We respond to the bell by rising and by being 
ready to grasp the telephone, perhaps by be- 
ing set to say “Hello.” Seen obstacles are 
avoided. That avoiding seen obstacles is based 
on past training is evident from recent opera- 
tions on children for cataract in which seen 
obstacles are not avoided. 

In other words, association may result in 
acts as well as movements, and this is evi- 
dent in cats as well as in men. The basic na- 
ture of the learning may be just as much an 
association of stimulus and response in an act 
that includes sustaining stimuli and cybernetic 
corrections as it was in Pavlov’s salivary re- 
sponses. The automatic pilot, the thermostat, 
the governor of the engine—all illustrate the 
fact that physical analogies are available in 
which by setting a control we govern the later 
behavior of a complicated machine. In ani- 
mal behavior we have only to assume that 
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the setting, which can itself be a physical re- 
sponse, is itself subject to associative learning 
(10, pp. 283-284). 

Vicarious trial and error. Our dis- 
cussion of substitute trial and error is 
reminiscent of the concept of Vicarious 
Trial and Error (VTE) given currency 
by Muenzinger (21) and Tolman (31). 
The usage is not the same, however. 
Their focus was on abbreviated motor 
movements that substituted for com- 
plete motor acts in reactivating memo- 
ries, or as an approximation of thought, 
or as a symptom of consciousness, 
rather than a process in which the sub- 
stitute trial and error serves as a source 
of current information about the im- 
mediate environment, in equivalence to 
locomotor exploration. 

In Muenzinger’s first presentation (20, 
p. 204) he spoke of a type of behavior 
which “appeared to us to be a vestige 
of actual trial and error behavior,” and 
indeed “vestigal trial and error” might 
have been the better label for what he 
had in mind, as Dennis (9) has pointed 
out. Yet in Muenzinger’s most full 
presentation of the notion (21) he felt 
that, although the animal abbreviated 
his exploration by not actually going 
into the maze, the process was none the 
less a “testing out” of alternate courses 
of action. Tolman had still earlier, in 
1926 and 1927 (28, 29) presented a 
similar notion of the role of a rat’s 
“wiggling his nose from side to side and 
finally choosing” or “running back and 
forth” in reactivating, enhancing, or 
catalyzing discriminations and associa- 
tions already partly learned. While Tol- 
man later adopted Muenzinger’s term 
for this type of behavior, he seems to 
have paid little attention to the literal 
connotations of the label and ends up 
seeing the behavior compelled by com- 
peting orientation vectors (31). Thus 
VTE, even if somewhat inappropriately 
labeled, has a well-defined research us- 
age and a specialized theoretical role in 
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speculations on the phylogeny of con- 
scious thought which is still of interest 
(19). These connotations are distinct 
from, and more complicated than, the 
simple concept of substitute trial and 
error here being offered. In VTE most 
literally interpreted there is a vicarious 
search of a vicariously (through mem- 
ory) represented environment. And 
while the process is instigated by the 
visible objects of the choice point, it is 
not conceived as a search of them, or 
a learning about them. In contrast, 
the notion of perception as substitute 
trial and error refers to visual search 
as a guide to motor response, as a sub- 
stitute for blind exploratory locomation, 
limited to the visually accessible envi- 
ronment. This process may go on in 
the execution of well-learned habits or 
in the execution of instincts. 

Perceptual versus mnemonic expect- 
ancies. While Tolman’s use of VTE 
does not duplicate the notion here pre- 
sented, his concept of “perceptual ex- 
pectancies” as parallel in effect but dis- 
tinct from “mnemonic expectancies” 
does duplicate it. Under these rubrics 
Tolman in 1932 (e.g., 30, pp. 96-97, 
117-118, 134-139) clearly makes the 
point that vision can provide informa- 
tion and behavioral guides equivalent 
to those obtainable through motor ex- 
ploration. He seems alone. among learn- 
ing theorists in thus recognizing percep- 
tion as a knowledge process substitut- 
able for motor trial and error. While 
the point receives major attention in 
Purposive Behavior, it has not since 
been elaborated by Tolman and his 
students, and has been omitted in more 
recent summaries of that position. The 
present argument differs from Tolman’s 
mainly in the emphasis upon the basic 
role of blind trial and selective reten- 
tion in all adaptation or knowledge 
processes, with the resulting effort to 
interpret perception as a random search 
process. 
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Disagreement as to “what is learned.” 
In a previous review (6) attention has 
been called to the factual disagreement 
in available literature as to whether or 
not learned responses were character- 
istically object-consistent or body-con- 
sistent. In transposition experiments 
in which test conditions made possible 
the disentanglement of the two defini- 
tions, the learned responses were ob- 
ject-consistent in the majority of in- 
stances, but not in all. For example, 
in four experiments of Wickens (33, 
34, 35, 36) 91 per cent of those who 
showed transfer had acquired an ob- 
ject-consistent response, 9 per cent a 
muscle-consistent response. Likewise, 
in the Guthrie and Horton (10) experi- 
ments both types of response occurred. 
Guthrie (10, p. 283) speaking for his 
own data, suggests that where the re- 
sponses learned were visually guided 
(advertent), they showed object con- 
sistency rather than movement consist- 
ency under transposition experiments. 
Where the puzzle-box release movement 
was “inadvertent” the response consist- 
ency was in terms of stereotyped move- 
ments. Similarly, Dennis (8) found 
that normal rats took a short cut when 
a maze wall was removed, but that 
blinded rats traced the same path as 
before. It seems likely that the incon- 
sistencies in Wickens’ data might simi- 
larly be resolvable through the degree 
of visual involvement in the original 
learned habit. 

Insight vs. blind trial and error in 
problem solving. The orientation of 
this paper inevitably leads to agree- 
ment with Lloyd Morgan (18) and 
Thorndike (27) as to the fundamental 
importance of trial and error in prob- 
lem solving. And it would promote this 
principle as a basic epistemology. But 
the trial and error will only be “blind” 
in situations where vision is of no use, 
or for animals without sight. Thus 
overt trial-and-error locomotion will not 





339 


always be present for animals with dis- 
tance receptors. In many instances, 
particularly under those conditions that 
Kohler (14) has employed, the trial 
and error is handled by visual search. 
In others, such as in Thorndike’s prob- 
lems, such search is useless, and overt 
trial and error is all that is available. 
In still other situations, in which trans- 
parent fences or walls are employed, 
the solutions offered by visual search 
will be misleading, and will postpone 
adequate solutions until the blindly 
haphazard responses characteristic of 
frustration take over. In these terms, 
the data of Kohler (14), Thorndike 
(27), Adams (1), and Guthrie and 
Horton (10) do not seem so far apart. 
Certainly in Koéhler’s original accounts, 
there is ample evidence of trial-and- 
error processes, of fortuitous rather than 
logically deduced solutions. And in Tol- 
man’s insight studies with rats (30, pp. 
169-170) the insight that appeared 
with an elevated maze did not appear 
with a tunnel maze which limited the 
rats’ perspective. These observations 
can be extended to Hilgard’s (13, pp. 
335-338) concept of “provisional try 
and correction” which he would substi- 
tute for random trial and error. Such 
selected and already quite adequate 
provisional tries will only be possible 
on the basis of prior learning or cur- 
rent perceptual trial and error. And if 
the try is incorrect, the blind animal 
will learn nothing of the direction of 
the error, whether too high or too low, 
too right or too left, and thus cannot 
correct but can only try again blind- 
randomly. An animal with vision, how- 
ever, can note not only the inadequacy 
of the try, but often the direction of 
the error, and thus can demonstrate the 
intelligent provisional try and correc- 
tion. 

In this orientation, a distinction can 
be made between insight or problem- 
solving behavior involving substitute 
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trial and error in the perceptually im- 
mediate environment, and higher levels 
of “thought.” Most instances of ani- 
mal insight, or non-overt trial and error, 
are limited to relationships in the per- 
ceptually immediate environment. But. 
certainly there are higher levels of idea- 
tion, in which the solution involves rep- 
resentations of more than perceptually 
present objects. It is not clear that this 
latter level has been demonstrated in 
animals. 

Asch (2) has clearly and sympatheti- 
cally presented the analogy between 
natural selection and _ trial-and-error 
learning, but nonetheless finds trial- 
and-error learning inapplicable to hu- 
man beings, at least. While the pres- 
ent point of view makes trial-and-error 
learning the basic process and the final 
resort, it would result in some criticisms 
of learning theories similar to Asch’s. 
Trial-and-error and conditioning doc- 
trines are most appropriate to blind or- 
ganisms. These theories as developed 
so far neglect the role of the perceptual 
organs as distance receptors and sources 
of information about spatial relation- 
ships in the immediate environment. A 
single photosensitive cell could substi- 
tute for the eye as conceived in the the- 
ory of most learning experiments, or a 
single acoustic switch for the ear. This 
neglect has been justified from a “first 
things first” approach to the develop- 
ment of science, and by a scrupulous 
adherence to deterministic explanation. 
But the neglect must be eventually cor- 
rected. The radar analogy should help 
in expanding deterministic learning the- 
ory into the behavior of organisms with 
fully developed visual systems. 

The role of distance receptors in loco- 
motor automata. In the view of the 
present writer, psychology stands to 
gain much from the experimental con- 
struction of automata which attempt to 
imitate life. Among those scientists 


who have essayed this, none has had 
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a clearer perspective on the important 
problems of psychology, nor has been 
more meticulous in the logical develop- 
ment of requirements and solutions than 
has Ashby. His has been a magnificent 
achievement, and one to which the pres- 
ent writer feels greatly indebted. Yet 
Homeostat does not seem to imitate life 
as successfully as Walter’s (32) me- 
chanical tortoise or Berkeley’s (4) me- 
chanical squirrel. Ashby’s Homeostat 
does not locomote in the physical world. 
It stays put, and adjusts to the im- 
pingements of a very special environ- 
ment. Nor has it the ability to recog- 
nize segments of the environment, and 
store unused response patterns for use 
when these recur. As Walter has com- 
mented, in imitating life it is more plant 
than animal. In contrast, the mechani- 
cal tortoise and squirrel locomote pur- 
posefully in our world of objects, using 
both locomotor trial and error and scan- 
ning photoreceptors. They appear life- 
like to the naive observer. 

In the particular physical world in 
which we live and in which evolution 
took place, objects that are impervious 
to locomotion in general also reflect or 
diffuse certain electromagnetic waves. 
This persistent ecological condition over 
the eons has made possible the develop- 
ment of organisms able to anticipate 
the presence and location of solid ob- 
jects through a substitute exploration 
based upon the opaqueness of the ob- 
ject to light. In the evolutionary per- 
spective, vision is based upon this envi- 
ronmental correlation, as is our recent 
development of radar. The austere logi- 
cal environment of Homeostat lacks 
such fortunate coincidences. No envi- 
ronmental parameters are provided 
which are correlated to other environ- 
mental parameters so highly that search 
of one can substitute for trial and error 
in contact with the other. 

Is vision, or some other highly pre- 
cise distance and space receptor, a pre- 
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requisite for locomotor object consist- 
ency on the part of animals or ma- 
chines? No logical derivation is on hand 
to prove that this so. Our concept and 
illustrations of blind object-consistent 
responses argue against it. And yet 
organisms and machines achieving loco- 
motor object consistency without a sub- 
stitute exploratory mechanism are rari- 
ties. Blind individual animals do occur 
in seeing species and whole species of 
blind cave fish and moles exist. Yet 
rather than being the evolutionary 
predecessors of seeing forms, these rep- 
resent the regressive evolution of forms 
that attained their complexity with vi- 
sion. Certainly vision or echo location 
is the usual concomitant of locomotor 
forms of life, and a probable essential 
in a locomotor automaton. 


SUMMARY 


Selective survival among random vari- 
ations is taken as a general paradigm 
for instances of organismic fit to envi- 
ronment. Darwinian theory of natural 
selection applies the model to the fit 
between the inherited characteristics of 
organisms and the opportunities pro- 
vided by their habitats. Trial-and- 
error doctrines apply the model to 
learned fit between organismic response 
and environment. Ashby and Pringle 
have independently noted the formal 
parallel between evolution and learning. 

Attention is called to a third level of 
organismic fit to environment, in the 
adaptive responses employed in the 
flexible execution of well-learned habits. 
For blind organisms, the trial-and-error 
component in the carrying out of a 
habit may be obvious; but for or- 
ganisms with distance receptors, the 
smoothly guided yet flexible character 
of the execution of learned responses 
seems quite out of keeping with the 
random variation required by the model. 
An effort is made to resolve this in- 
congruity by characterizing perceptual 
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processes as substitute trial and error, 
containing a search component which 
takes the place of blind overt motor’ 
movements. The notion is a more 
primitive one than that of “vicarious 
trial and error.” It seems relevant for 
the empirical inconsistencies in the 
problems of “what is learned” and “in- 
sight.” As related to servo-mechanism 
models, the notion is to be clearly dis- 
tinguished from the simple negative- 
feedback regulators, like thermostat or 
governor, in which the feedback comes 
from the outcome of the primary effec- 
tor. But a suggestive parallel is avail- 
able in complex servo-systems such as 
the radar-controlled guiding of ship or 
projectile, in which a blindly emitted 
beam is selectively reflected, and is used 
to substitute for a trial and error of 
ship movements or projectiles. 
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SUBCEPTION: FACT OR ARTIFACT? 


A REPLY TO ERIKSEN 


RICHARD S. LAZARUS 
Clark University 


In the January, 1956 issue of this 
Journal, an interesting critique was of- 
fered (2) of the subception experiment 
reported some years ago by Lazarus 
and McCleary (4). This is not the first 
such article which has appeared on the 
subject. Indeed, there have been sev- 
eral (1, 3, 7), and there have been a 
few reports of experiments which dupli- 
cate and extend the findings of the 
original study (5, 8). The recent ar- 
ticle by Eriksen calls for some examina- 
tion of the arguments. 

In the Lazarus and McCleary experi- 
ment, tachistoscopically exposed non- 
sense syllables which had been associ- 
ated with painful electric shocks stimu- 
lated larger GSR’s than nonshocked 
syllables even when the exposure speeds 


were too rapid for the subject to 


identify them correctly. This effect 
was termed “subception,” and a process 
of autonomic discrimination in the ab- 
sence of the ability to report conscious 
recognition was suggested. 

Eriksen analyzes the data in the sub- 
ception study as an instance of partial 
correlation. He suggests that the sub- 
ception effect involves a positive cor- 
relation between the stimuli and the 
GSR’s and between the stimuli and the 
verbal responses. The fact that a cor- 
relation remains between the stimuli 
and the GSR even when the relation- 
ship between the stimuli and the verbal 
responses is partialed out is the subcep- 
tion effect itself. 

The kernel of Eriksen’s argument lies 
in his analysis of the number of cate- 
gories in the two response systems. He 
points out that the subject is restricted 
in his verbal response at each presenta- 
tion of the stimulus to a choice of one 


of ten syllables. However, no such re- 
striction applies to the GSR system. 
Thus, if a subject correctly identified 
some of the letters of the stimulus, but 
not enough to perceive the entire stimu- 
lus correctly, his verbal response might 
not reflect the partial discrimination 
which had occurred although the infor- 
mation could trigger the GSR. Such 
conditions would increase the likelihood 
of a partial correlation which would 
favor GSR discrimination in the ab- 
sence (partialling out) of verbal dis- 
crimination. 

Eriksen’s argument leads him to dis- 
card the subception process as an arti- 
fact of the statistical conditions imposed 
by the experimenters. He analyzes these 
conditions as though there were no 
doubt that the GSR system is indeed 
continuous and unrestricted in the func- 
tional sense. In his discussion there 
is the hidden assumption that the sub- 
ject can really use all of the categories 
of the GSR theoretically available to 
him. The measurement which we ob- 
tain from the GSR may be continuous, 
but we do not know the nature of the 
process underlying the GSR, and the 
extent to which it is actually restricted 
or unlimited. The continuity of the 
measured response may be determined 
ly a discontinuous process. The argu- 
ment then becomes a matter of which 
assumptions one wishes to make about 
the process underlying the measure- 
ments themselves. 

In his article, Eriksen makes the fol- 
lowing statement about the Lazarus and 
McCleary formulation of subception: 


These authors do not clarify the nature of 
this process (subception), but their definition 
and their interpretation of their data imply 
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that the autonomic nervous system, under 
certain circumstances at least, is capable of 
making more accurate discriminations among 
stimuli than exist in the individual’s aware- 
ness (2, p. 74). 


The same kind of statement is made 
in the critique of subception by Mur- 
dock (7, p. 571): “Perhaps the proper 
conclusion to be drawn from their study 
[Lazarus and McCleary’s] and that of 
McGinnies as well is simply that the 
GSR is more accurate and/or sensitive 
than verbal reports as a measure of 
recognition.” 

It is not at all necessary to assume 
that the physiological response system 
of the organism is a more precise mirror 
of the physical stimuli than the verbal 
response system. A perfectly logical 
alternative is that the autonomic re- 
sponse system reflects the presence or 
absence of danger—that is, the shock 
or nonshock consequences of the stimu- 
lus—even though the level of discrimi- 
nation is not sharp enough to identify 
the specific components of the stimulus. 
In this event, the process does not in- 
volve a one-to-one correspondence of 
the autonomic response with the stimu- 
lus, but a categorical one. Such a rela- 
tionship may be based upon the direct 
response of the organism to the stimu- 
lus, or may be mediated by a process 
of inference in which the nature of the 
stimulus is built up from the stimulus 
elements. The latter is exactly what 
Bricker and Chapanis seem to be sug- 
gesting with respect to the verbal re- 
sponse system. The subject uses par- 
tial information about the stimulus to 
make an inference which may turn out 
to be wrong and not even verbalizable. 

Thus, a number of conceptual alter- 
natives arise in our attempts to inter- 
pret the data of subception. (a) The 
autonomic response system may mirror 
directly the stimulus properties, inde- 
pendent of verbal activity. (0) Alter- 


natively, it may reflect a process of in- 
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ference about the affect-laden aspect of 
the stimulus. In the latter case, the au- 
tonomic response might or might not 
depend upon elements of information 
being articulated verbally. There might 
be enough information getting through 
to the verbal sphere to identify the dan- 
ger, but not enough to perfectly articu- 
late the total stimulus. We are some- 
times frightened without being able, at 
the moment, to indicate verbally what 
we are frightened of. 

There is a most interesting aspect to 
Eriksen’s proposal which is not carried 
to its logical end. Eriksen implies that, 
in order truly to demonstrate subcep- 
tion, the mumber of verbal response 
categories must be equivalent to the 
number of GSR categories, or, more 
pertinently, that the number of verbal 
categories be no less than the number 
of discriminations that can be made 
to the stimuli. He is thus suggesting 
an experiment which would reflect such 
a condition—with the implication, it 
seems, that the subception effect could 
not then be demonstrated. 

Eriksen’s argument is based on a 
statistical rather than a psychological 
analysis of the problem. It could be 
also argued that restriction in one re- 
sponse system (verbal) in contrast to 
the other (autonomic) is quite close to 
the conditions prevailing in actual life, 
and that what we refer to as “lack of 
awareness” can be dependent upon (al- 
though not necessarily identical with) 
just such restriction in the verbal proc- 
esses. Let me elaborate this point be- 
cause I think that it gets to the heart 
of Eriksen’s position. 

The properties of language are such 
that it always represents a discrete dis- 
tribution of responses in relation to the 
stimulation from the physical world, 
while the physiological response has no 
such restriction. Consider, for exam- 
ple, the physical quality of color in re- 
lation to the verbal response system 
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which we use to describe it, and the 
sensory physiology of the organism 
which also responds to it. We define 
color in terms of wavelengths of light 
which are distributed in a continuous 
pattern. But we do not have language 
to identify each discriminable difference 
in wavelength. There are large gaps 
in the physical stimulus as it is reflected 
in the verbal categories, red, yellow, 
green, etc., even when we made much 
finer gradations such as chartreuse or 
aquamarine. This same point may be 
made for all verbal categories, whether 
they are applied to simple physical 
events or to complex social events. 
Furthermore, anthropological data tell 
us that additional categories of verbal 
response can be acquired which em- 
phasize certain stimulus aspects of the 
physical and social world that are func- 
tional for one culture and not another. 

By extension, the inability of a per- 
son to communicate (and hence to give 
evidence of being aware of certain 
stimuli) arises partially from the re- 
strictedness of his language. By this 
postulate, therefore, discrimination with- 
out awareness (and perhaps many proc- 
esses which are called unconscious) is a 
function of the restriction of one of the 
response systems involved, the verbal 
one. If one makes the dynamic as- 
sumptions of the clinician, then the re- 
sponse system is restricted through the 
operation of certain hypothetical ego 
processes. In terms of reinforcement 
learning theory the verbal response sys- 
tem is limited in accordance with re- 
wards and punishments. But the in- 
ability of the person to categorize 
verbally the events to which he is re- 
sponding can still be viewed as depend- 
ing upon the condition of verbal re- 
sponse restriction. 

From this standpoint, subception is 
an appropriate empirical model of what 
actually happens in nature instead of 
being an artifact of the conditions im- 
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posed upon the subject by Lazarus and 
McCleary. It is quite reasonable and 
compatible with experience to propose 
that the individual responds discrimi- 
natively to stimuli prior to his being 
able to articulate the stimulus verbally, 
although it is likely that discrimination 
at the autonomic level is quite a differ- 
ent process from that which we usually 
refer to as perception. The latter in- 
volves verbalization and hence aware- 
ness. Surely such discrimination takes 
place in children long before the child 
can describe his experience through lan- 
guage. How the organism can discrimi- 
nate the stimulus subverbally is as 
much an unsolved problem, of course, 
as how the discrimination can be ar- 
ticulated in speech. 

I do not know whether it can be 
maintained that the autonomic system 
is a better reflector of the stimulus than 
the verbal response system. However, 
organisms unable to use language often 
seem able to discriminate some stimuli 
better than man, and the absence of a 
cerebrum may even result in facilitated 
discrimination. For example, there are 
few instances of pigeons being hit by 
automobiles, although in our large cities 
they are certainly exposed to this dan- 
ger. Moreover, a decerebrate frog can 
apparently catch flies better as a re- 
sult of his decerebration. It is clear 
that verbal responses are not necessary 
for extremely sensitive discriminations, 
although they surely function impor- 
tantly in what we call perception. Why 
reify verbal responses in psychology as 
though their absence makes discrimina- 
tive behavior impossible? The subcep- 
tion effect suggests not that autonomic 
discrimination is better than verbal per- 
ception, but that it can be prior or 
responsive to aspects of the stimulus 
which are not verbally articulated. 

Of the papers which have dealt with 
the subception effect, none have ques- 
tioned the existence of the phenome- 
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non. The issue has been how this ef- 
fect should be regarded. I have dis- 
cussed here a number of issues which 
might lead to experiments pertinent to 
the clarification of the nature of sub- 
ception. Let us take the more impor- 
tant theoretical possibilities and con- 
sider briefly some of the kinds of data 
which might be useful in each case. 

1. Does the subception effect depend 
upon the limitation in the number of 
categories in the verbal response sys- 
tem? This is Eriksen’s statistical pro- 
posal, and experimentally it would in- 
volve extending the number of verbal 
response categories to equal more nearly 
the number of categories discriminable 
in the stimulus. Even if the subcep- 
tion effect were not found under these 
conditions, however, the question would 
remain as to whether these conditions 
actually apply in nature. If there is 
greater isomorphism between the stimu- 
lus object and the GSR than between 
the stimulus object and the verbal re- 
sponse system, then Eriksen is merely 
affirming that the subception experi- 
ment takes advantage of the way in 
which man is actually constructed to 
show autonomic discrimination in the 
absence of verbal articulation. 

2. Does the GSR mirror the stimulus 
object directly or does it result in dis- 
crimination through some global proc- 
ess of inference about the threat or non- 
threat meaning of the stimulus? One 
possibility here is to “condition” each 
syllable to different intensities of shock. 
If the GSR mirrors the object fairly 
closely, then it will respond differen- 
tially to each syllable. If the discrimi- 
nation is in terms of gross categories 
like danger versus no danger, then dif- 
ferentiation between GSR _ responses 
should not occur. 

3. Does the GSR discrimination de- 
pend at all upon the ability of the sub- 
ject to verbalize the nature of the stimu- 
lus? One approach to this question 
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could require the subject to identify 
only the shock or nonshock nature of 
the stimulus rather than asking him to 
identify the specific syllable. If the 
subception effect were found here as 
well (GSR discrimination in the ab- 
sence of verbal articulation of the shock 
or nonshock categories), then one might 
argue that the GSR discrimination does 
not depend upon verbal identification 
of the danger. This finding would not 
be crucial, however, since one could 
argue that partial information about 
the stimulus (e.g., combinations of let- 
ters) is used by the subject in making 
an inference from which the GSR dis- 
crimination is made, even though the 
subject could not correctly categorize 
at the verbal level. However, I be- 
lieve that this latter problem can never 
be resolved since the elimination of 
this possibility cannot be made without 
also eliminating the variation between 
stimuli from which discriminations are 
made. 

In regard to this third issue, one 
other experimental approach occurs to 
me. I am intrigued by the possibility 
that aphasic patients with loss of the 
ability to articulate visual stimuli ver- 
bally might nonetheless show GSR dis- 
crimination. Language in aphasia has 
recently been discussed by Werner (9) 
from a genetic frame of reference. In 
his microgenetic experiments Werner 
notes that “stimuli aroused ‘feelings of 
word meanings,’ inner experiences of 
the semantic sphere of the linguistic 
forms; these were apparently prior to 
any specific visual articulation of 
words.” In reviewing other work on 
the problem, he cites the classic exam- 
ple of the subject who reported the 
word “cigar” as “smoke” which sug- 
gests that the correct word was sought 
by means of a meaning sphere rather 
than in terms of the visual articulation 
of word elements. It seems to me that 
the subception type of experiment could 
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be performed with aphasics, and per- 
haps even with mutes who cannot use 
words in articulating stimuli. Should 
autonomic discrimination be shown in 
such instances, it would be difficult to 
dismiss the idea that discrimination of 
meanings can take place prior to or in- 
dependent of verbal articulation of the 
stimulus object. 

I am aware that the subception ex- 
periment of Lazarus and McCleary does 
not really prove the existence of au- 
tonomic discrimination without aware- 
ness any more than the Bricker and 
Chapanis experiment disproves it. No 
experiment really proves anything, al- 
though the experimentation is impor- 
tant in determining whether the em- 
pirical consequences of a theory are 
consistent with it. Psychologists find 


great, and I believe often fruitless, 
sport in examining data which arise out 
of theoretical frameworks which have 
real fertileness for generating hypothe- 


ses and in showing that these data can 
be explained, post hoc, by some other 
system. Ofcourse it can. In this sense, 
Eriksen’s argument misses the point, as 
do those of Bricker and Chapanis, of 
Murdock, and of Howes. The issues 
dealing with such postulates as percep- 
tual defense (6) and the process of 
subception cannot be decided solely on 
the basis of laboratory experiments. 
These issues have to be cast in the 
much broader frame of one’s entire 
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conceptual view of human _ behavior. 
One question which we must consider 
is the extent to which a view is both 
fruitful of hypotheses and consistent 
with the observations of events in na- 
ture itself. The nature of the subcep- 
tion process remains a theoretical ques- 
tion. The conditions which define its 
operation certainly can be clarified by 
further experimentation. 
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ERRATUM 


In an obituary article on David Katz 
by R. B. MacLeod (this Journal, 1954, 
61, 1-4) the statement was made that 
“Out of his chicken yard came the 
well known Hackgesetz. ...” Profes- 
sor Schjelderup-Ebbe, whose name has 
always been associated with the Hack- 


gesetz, has kindly pointed out that it 


was he and not Katz who initiated 
and conducted the experiments. Katz 


merely edited the manuscript for publi- 
cation and wrote an appendix in which 
he discussed the broad implications of 
the research. The writer is happy to 
correct any false impression that may 
have resulted from his carelessness. 


1T. Schjelderup-Ebbe, Beitrage zur Sozial- 
psychologie des Haushuhns; D. Katz, Tier- 
psychologie und Soziologie des Menschen 
(Anhang), Z. f. Psychol., 1922, 88, 225-264. 
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